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Tässä diplomityössä tutkittiin OEE-suorituskykymittariston soveltuvuutta KONE Industrial 

OY:n puoliautomaattiseen valmistusprosessiin. Tutkimusmenetelmissä sovellettiin jo 

olemassa olevia OEE-laskentamalleja sekä kehitettiin myös perinteisistä mittareista 

poikkeavia seurantamittareita tukemaan suorituskyvyn seurantaa. Kyseinen prosessi on ollut 

toiminnassa vuosia.  Järjestelmästä saatavilla oleva data oli osittain suoraan 

hyödynnettävissä tähän tutkimukseen.  

 

Tuloksista voitiin havaita tehokkuuden ja laadun olevan varsin korkealla tasolla. Toisaalta 

mittareista voitiin huomata sekä suorituskyvyn suhteellisen suuri vaihtelu yksittäisien 

vuorojen aikana. Vastaavasti kapasiteetin hyötysuhdetta voisi tarkastella 

kokonaistehokkuuden näkökulmasta.  

 

Johtopäätöksinä voidaan todeta, että tämänkaltaisen mittariston rakentaminen 

tuotantolinjoille on mahdollista ja hyödyllistä. Tämä mahdollistaa mm. tavaravirtojen, 

prosessin sekä operaattoreiden työkuorman optimoinnin. Optimoinnin ja tasaisen 

työkuorman avulla voidaan hyödyntää operaattoreiden työpanosta sellaisissa työpisteissä, 

joissa resursseja voidaan hyödyntää tehokkaammin. 
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This master’s thesis examined the applicability of the OEE performance metering system for 

KONE Industrial OY’s semi-automatic manufacturing process. The research methods 

applied existing OEE calculation models and also developed monitoring indicators that 

differed from traditional indicators to support efficiency monitoring. This process has been 

in operation for years. The data available from the system were in part directly usable for 

this study. 

 

The results showed a fairly high level of efficiency and quality. On the other hand, the 

indicators showed relatively large variations in performance over individual shifts. 

Similarly, capacity efficiency could be viewed from the perspective of overall efficiency. 

 

In conclusion, it is possible and useful to build such meters on production lines. This enables 

e.g. optimization of the flows, the process, and the workload of operators. Optimization and 

a steady workload can be used utilizing the operators at workstations where resources can 

be utilized more efficiently.   
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LIST OF SYMBOLS ABBREVIATIONS  

 

5S A method that results in a workplace that is clean, uncluttered, and well 

organized to help reduce waste and optimize productivity 

6S a.k.a. 5S + Safety. Concentrates on ensuring workplaces safety and risk 

assessment 

ABC A type of inventory classification method analysis  

DMAIC Quality improvement and problem-solving method 

IIoT Industry 4.0 

IoT  Ideal Operating Time (Time to Produce All Parts at Rate) 

JIT Just-In-Time 

LOT  Lost Operating Time Due to Production of Scrap or Non-Saleable Product  

MES Operational production management and development tool (The 

Manufacturing Execution System) 

NAT  Net Available Time (Scheduled Production Time - Planned Down Time) 

NOT   Net Operating Time (Net Available Time - Unplanned Down Time) 

NRFP Not Ready for Production 

OEE Overall Equipment Effectiveness 

OLE Object linking and embedding (Document standard developed by Microsoft) 

OPC OLE for Process Control (Series of standards specifications) 

OPC UA OPC Unified Architecture (Can be used non-Microsoft platforms)  

PDT Planned Downtime 

RFP Ready for Production 

SAP Production control system (Systeme, Anwendungen und Produkte in der 

Datenverarbeitung) 

SMED  Single Minute Exchange of  Die 

TEEP Total Effective Equipment Performance 

VAT  Value Added (Time to Ready for Production parts) 
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NOTE!  

For technical reasons, comma (,) has been used as a decimal separator in this thesis, for 

example 33,7 %. 

 

The abbreviations for the days of the week are also:  

su = Sunday 

ma = Monday 

ti = Tuesday 

ke = Wednesday 

to = Thursday 

pe = Friday 

la = Saturday 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 

 

1 INTRODUCTION 

 

 

In the year 1926 when Henry Ford declaimed in his book Now and Tomorrow the vise words  

“Time waste differs from material waste in that there can be no salvage. The easiest of all 

wastes and the hardest to correct is the waste of time because wasted time does not litter the 

floor like wasted material” (Ford & Crowther 1926, s. 70) after year, by the year it still makes 

a wide smile for many of the lean enthusiasts! 

Now, circa a hundred years later, this research also focuses to clean up the time waste dumps 

from production. The target is to minimize the time waste on production and intensify the 

use of capacity (Novotek 2020). Correspondently it’s also more meaningful for an operator 

to spend their workdays on an even workload than in a hurry. Or needless to say how 

frustrating it could be to spend the whole workday by thumbing a cell phone without any 

workload. 

The purpose of this research is to feasibility study for OEE-measuring (Overall Equipment 

Effectiveness) in the production line. The first study is focused on the gluing process of the 

production line. These OEE-measurements can be used to examine the overall efficiency of 

the production and can also be used to optimize the mutual balancing of activities within 

production. 

The challenge for obtaining reliable results in the thesis is that the manufacturing process 

consists of several different steps. In addition, the line may produce several different engine 

types in one shift. Every machine type differs more or less from each other so the production 

time is not the same in every produced piece. There’s no exactly the same process with same 

tools between two different motor types in manufacturing production. The challenge is also 

the combination humans and machines where automatic functions are easy to measure when 

first determining what should measure and how. Measuring human activities is much more 

difficult. The number of variable factors rises exponentially.  

 

1.1 Background 

This thesis has been done for KONE Industrial Oy, Hyvinkää machinery factory. The 

machinery factory produces the elevator motors, which are about 20 different models. All 

motor types have several options and additional features depending on the customer’s needs. 

In other words, each model can have thousands of different variations. Selection of the 
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machinery configuration can choose from different variables like the purpose of facilities 

like lifting capacity, speed, and environment where the machine can be assembled, to shaft 

or machine room, and so on. This research focus to measure one process only. The chosen 

process is a rotor assembly and gluing process because this particular process includes a 

manual assembly process, semiautomatic, and full automatic ways. If results were obtained 

valid measuring results from the rotor assembly and gluing process, they would be easier to 

implement to other lines and globally KONE’s manufacturing processes. The rotor assembly 

and gluing process include a few different kinds of functional measuring points which can 

be used to determine overall efficiency. 

Kone’s machinery factory operating according to the line and lean principle. In other words, 

the first collapsible component comes from the beginning of the line, and the machine 

assembled during the line with certain working stages. One line produces several different 

machinery types depending on what products have been sold.  

In these production lines has not been performed detailed efficiency measurements, and it is 

therefore intended to research whether OEE measurements provide valid results for 

monitoring overall efficiency. So far, the most important metric is the number of products 

completed per day and is compared to daily target quantities. At the same point, the aim of 

OEE measurement is used to find out how efficiently the capacity of the production line can 

be utilized and what is the workload of the operators on the line. OEE measurement can also 

use to detect potential deviations in efficiency and quality and address their root causes 

immediately. Currently, the company is developing this line vigorously, for example by 

balancing both actions and parts, developing material flows, and implementing the Andon 

system for the entire line. So this research is a perfect fit for that production process 

development project. 

 

1.2 KONE history 

 

Years 1908 – 1930 

Before KONE came to the corporation its name was Konepaja Tarmo. Tarmo was founded 

in Helsinki in 1908. Two years later in 1910, Tarmo was transformed into an incorporated 

company KONE. At this point, KONE refurbishing and selling used electric motors. The 

company also imported and assembled Swedish Graham Brothers elevators. Although the 

number of employees increased, sales of elevators were low. The first elevators made by 
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KONE components were assembled in Helsinki area in 1918. At that time KONE’s annual 

production was 4 elevators per year. To compare the growth  KONE produced  100 units per 

year in 1924. In 1924 KONE also became an independent company. 

 

Years 1930 – 1950 

In 1933 the KONE company started producing industrial cranes to counter weak elevator 

sales. The company also produced its own electric motors and determined to boost and gain 

better control over the quality of its products. Due to WWII and the bombing of Helsinki, 

KONE moved its factory to Hyvinkää in 1939. In Finnish war preparation years 1945 – 1953, 

KONE delivered elevators and cranes to the Soviet Union, paid by the Finnish state. After 

war preparation, KONE was in a good position to continue its export business and public 

relations with the Soviet Union. 

 

Years 1950 – 1970 

1958 KONE starts reforming the production process. 1958 Pekka Herlin became KONE’s 

CEO and at that time also plans began built a new modern elevator factory in Hyvinkää. 

KONE was listed on the stock exchange. Breakthrough in the international market occurs 

when KONE acquires ASEA’s larger elevator business. In one leap KONE became the 

market leader in Northern Europe. 

 

Years 1970 – 1990 

Another great leap happened in 1974 when KONE bought Westinghouse’s European 

elevator business. Westinghouse had a high-rise elevator expertise which KONE lacked. By 

the 1980s, KONE became a conglomerate with a presence in several countries. The company 

founds the state-of-the-art technology R&D center in Hyvinkää. 

 

Years 1990 – 2010  

1993 – 1995 the company decided to divest all other business and focus only on its core 

competencies, elevators, and escalators. In 1997 a new factory to Hämeenlinna. KONE 

introduced a machine-room-less elevator KONE MonoSpace©. In 1994 KONE decided to 

expand its operations to India and China. KONE founds a new factory in Kunshan, China. 
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Years 2010 – Present 

2010 KONE celebrates its 100th anniversary at its 1 000 locations all over the world with its 

34 000 employees. 2013 KONE revolutionized the high-rise elevator industry with its 

groundbreaking KONE UltraRope© technology.  In 2013 KONEs biggest factory opens in 

China. 2019 new factory to India. In 2015 has been found that KONE elevators and 

escalators use over a billion people every day. Today, in 2020 KONE’s net sales will be 

approximately EUR 10 billion and the number of employees will be approximately 60 000 

(Kone Oyj 2020). 

 

1.3 Research problem 

Modern factories want to be involved when talking about Industry 4.0. The term Industry 

4.0 points to a new phase of the industrial revolution, focusing on connectivity, automation, 

machine learning, and real-time data. Industry 4.0 a.k.a. IIoT or Intelligent manufacturing 

combines physical production and actions with digital technology, machine learning, and 

big data to create a better network for companies to manufacturing and supply chain 

management (Epicor 2020). The purpose of this thesis is so important is that the company 

develops this particular production line and all its processes towards the Industry 4.0 model.  

 

When a company develops its processes it is very important to observe whether we are 

achieving any benefits from it. It’s also important to monitor and develop activities further 

and again observe their effects as a whole. This research aims to the find answer to the 

following questions: 

 

1. Does OEE measurement provide reliable data from total productivity? 

• Is it possible to see total productivity realistically and does any response 

have an impact on the results as expected? 

• Are the results obtained comparable? 

 

2. Does the measurement provide added value?  

• Based on the results, is it possible to see a loss in the process that will 

allow capacity to be used efficiently? 

• Does the measurement show things that can be responded to quickly and 

efficiently from a quality perspective? 
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3. Can the collected data be transferred to the company’s internal systems from which 

the data is readily available? 

• Operators at different levels are interested in total productivity from their 

own perspective and therefore data should be readily monitored for 

example periods of hours, days, weeks, months, and years.  

• One of the biggest problems today is that there is data everywhere, but 

the data is either too decentralized or people don’t get to the data (Pinja 

2020). 

 

1.4 The research methods 

The OEE measurement was presented in 1984 in Seiichi Nakajima’s original book TPM 

Nyumon. The year 1988, an English version of the book was published as Introduction To 

TPM Total Productive Maintenance. In Chapter 3, Maximizing  Equipment Effectiveness 

Seiichi introduces the components and formulas needed for OEE measurement to measure 

overall efficiency. 

According to Pomorski, the TMP’s origins stem from the concept of Productive Maintenance 

(PM), which was born in the United States back in the late 1940s and early 1950s. American 

production maintenance was characterized by the design of preventive techniques to improve 

the manufacturability, reliability, and longevity of production equipment (Pomorski 2004, 

p.10). 

OEE measurement is a TPM meter used to measure the overall performance of the 

production or device. In his own literature review on page 77, Thomas R Pomorski refers to 

Leflar’s book Practical TPM, where Leflar states: “No company that wants to be a world-

class competitor can only set up its business for cutting operations. Instead, the company 

should focus on improving productivity. This kind of concentration both cuts costs and at 

the same time reduces product lead times.” (Pomorski 2004, p.77) OEE measures how 

effectively time can be to producing high-quality products. (Vergence Business Associates 

– Manufacturing Consultants 2020) 
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1.5 Objectives, scope and restrictions 

There are a few important research questions in this study that were sought to be answered. 

 

1. The primary objective of the study is to obtain reliable data on the productivity of 

the process produced by OEE measurement. 

2. The second objective is to scale the OEE measurement to other lines both locally 

and globally. 

3. The third objective is to produce a specific standard model for KONE’s internal use 

for OEE measurement, which allows the construction of uniform monitoring meters 

for all production lines, regarding products. 

 

During this thesis monitoring software for measurement is not built, and therefore longer-

term results within the framework of this master’s thesis are not obtained. A prototype of 

OEE meters reporting measurements has previously been made to the cell and the data from 

it is used. The aim is to create a theoretical calculation model for the implementation of the 

OEE meter, which can be used in further studies. 

 

1.6 The benefits of the research 

The primary benefit of the research is to obtain value-added total efficiency indicators on 

the gluing cell and later on to the whole production line. As a result, the aim is to find 

unnecessary actions in production that can be eliminated, as well as to find production 

bottlenecks that can be streamlined. In this way, production can be made more efficient and 

operators can be guaranteed a steady workload. 

If OEE measurement achieves reliable results, OEE measurement can also be utilized on 

other lines on both domestic and KONE’s foreign production lines. This enables easy 

monitoring, both locally and globally, on a line-by-line and plant-by-plant basis. When all 

lines and activities are standardized, total productivity figures and values are directly 

proportional to each other. 
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1.7 The structure of the research 

This research is carried out using the IMRAC+C structure. IMRAD+C structure is originally 

based on the IMRAD structure, where the initials come from the following words: 

I = Introduction 

M = Methods 

R = Results 

A = Analysis 

D = Discussion. 

The initial C = Conclusion comes from my thesis supervisor Professor Juha Varis’ thoughts 

on including the conclusions section in the research publications. 
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2  METHODS 

 

The Chapter presents the OEE measurement method applied to the product and the 

production concerned and will be used later in this thesis. The Chapter also presents various 

analysis and problem-solving tools that can be used in further action to improve the 

production. 

 

In this thesis, approaching measurement according to the OEE measurement principle. In 

general, OEE meters consist of simple equations and should therefore be tailored to the needs 

of the particular companies and production lines (Arrow Engineering 2020). When 

examining overall efficiency, the Lean approach cannot be ignored. 

 

2.1 Lean         

Lean is a process management philosophy where the company’s operations are observed as 

a whole. The purpose of lean thinking is to improve the productivity of a company. (Pinja 

2020). 

Today’s trend is to build a production line according to Lean principles so that monitoring 

can be examined from the perspective of overall effectiveness rather than individual 

activities. Productivity improvements are no longer achieved by speeding up the pace of 

work, but rather by eliminating unnecessary unproductive activities, both from production 

and doing. Eliminating nonproductive activities will result in increased flow, reduces lead 

times, and at the same time reducing costs. Operators’ work going to be easier and at the 

same time production becomes flexible while being able to react flexibly to various changes. 

(Arrow Engineering 2020) 

 

2.2 OEE method 

OEE is a simple, efficient, and practical method of measuring production efficiency. The 

meter aggregates the most common productivity losses in manufacturing and separates them 

into three main categories: Availability, Performance, and Quality (OEE.com 2020). OEE 

measurement is based on three seemingly simple formulas, which can be collected to show 

overall efficiency. 

 



18 

 

1. The first formula indicates Availability, it compares the actual production time 

concerning planned production time. It measures the loss of planned productivity 

during downtime. Availability takes into account Downtime Loss. An Availability 

score of 100 % means the process is always running during Planned Production 

Time (OEE.com 2020). 

2. The second formula indicates Performance, it consists of the speed at which the 

ideal production time is compared to actual production time. The formula consists 

of slow cycles, leaving productivity below maximum speed. The performance takes 

into account Speed Loss. A Performance score of 100 % means when the process is 

running it is running as fast as possible (OEE.com, 2020). 

 

3. The third formula indicates Quality, it compares the productive time with the total 

production time. The comparison, therefore, includes total manufacturing volumes, 

the number which is compared with the quantities of pieces accepted qualitatively. 

The quality takes into account Quality Loss. A quality score of 100 % means there 

are no defects (only good parts being produced) (OEE.com, 2020). 

 

Together these three formulas form a formula for total productivity, the percentage of which 

indicates the potency and effectiveness of the manufacturing process. 

OEE takes into account all three factors and is simply the ratio of Fully Productive Time to 

Planned Production. OEE score of 100% means that only good parts are manufactured as 

quickly as possible without stopping time (OEE.com, 2020). 

 

2.3 Calculations 

There are several different ways to calculate OEE, but because the calculations should be 

tailored to the needs of a particular machine or process, formulas take into account different 

things. In practice, the content of simple formulas means the same thing, although the terms 

vary slightly. But when diving into the detail level, the calculations are found to be based on 

certain functions. This work utilizes both the versions presented in Nakajima’s  The 

Introduction to TPM book, as well as A.J. de Ron and J.E. Rooda’s version. However, the 

main focus in this thesis is on the advanced calculation model presented by Vergence 

Business Associates – Manufacturing Consultants, which delves deeper and much more 

broadly into the topic. This method is presented later in chapter 2.6. 
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As presented in The Introduction to TPM book, the calculation of total efficiency (OEE) is 

simply multiplied by Availability (A), Performance (P), and Quality (Q) as shown in 

Equation 1. 

 

OEE% = Availability (A) x Performance (P) x Quality (Q) (1) 

 

This is a short, simple, and common way to present the results of OEE calculations.   

 

A.J. de Ron and J.E. Rooda use the formula in the form OEE% = V*P*Q, where V indicates 

Availability, P is Performance, and Q is Quality.  

OEE consists of Availability Efficiency AE, Operational Efficiency OE, Rate Efficiency RE, 

and Quality Efficiency QE (De Ron A.J & Rooda J.E. 2005, p. 4). Then the formula takes 

shape:  

OEE% = AE*(OE*RE)*QE    (2) 

 

with,  

𝐴𝐸 =
𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑢𝑝𝑡𝑖𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒
   (3)

  

𝑂𝐸 =
𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒

𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑢𝑝𝑡𝑖𝑚𝑒
   (4) 

 

𝑅𝐸 =
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑎𝑐𝑡𝑢𝑎𝑙 𝑢𝑛𝑖𝑡𝑠

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒
  (5) 

 

𝑄𝐸 =
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑢𝑛𝑖𝑡𝑠

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑎𝑐𝑡𝑢𝑎𝑙 𝑢𝑛𝑖𝑡𝑠
  (6) 

 

 

Although the equations look quite different, in both cases the formulas form a percentage of 

OEE, which indicates total productivity. 

 

2.3.1 Availability 

Availability is calculated;  

Loading time minus downtime (=Operation time) divided by Loading time.  
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Loading time is working time minus planned downtime, while downtime is disruptions, 

breakages, and unplanned breaks (De Ron & et al. 2005, p. 3).  

 

In Table 1 below, the extended equations show in more detail what the formulas contain.  It 

also shows what formulas include in A.J. de Rons and J.E. Roodas calculations. 

 

Table 1. Availability of TPM and A.J. de Ron and J.E. Rooda’s versions. 

 

 

In this study, Availability examines also the ratio of theoretical availability to actual 

availability. It compares the theoretical number of seconds with actual ones, if theoretical 

availability includes planed breaks it reduces the Net Available Time. In this study, 

availability is calculated only for the seconds when there is a need to operate in a gluing cell. 

If there is nothing to glue, the time is not reduced in the availability calculation. There are 

three robots operating in a robot cell, the availability is also not reduced when one robot is 

serviceable unless it is needed at that time. After gluing, the rotor must put in a curing process 

at a certain time before the glue dries. The operator cannot order too many wheels to glue at 

a time. Oven automation determines when the user can start gluing a new rotor. If the curing 

process is full and new rotors cannot be ordered, it will affect availability. 

 

The formula used for daily viewing Availability percent calculation is formed when Net 

Operating Time (NOT) is divided by Net Availability Time (NAT), during the day (when a 

process is on).   

 

𝐴𝐷 =
𝑁𝑂𝑇

𝑁𝐴𝑇
    (4) 

  

where, 

AD = Availability percent for that day. 



21 

 

2.3.2 Performance 

Performance is calculated; Number of products completed (Ideal cycle time x Total pieces), 

divided by operating time. As seen in Table 2. 

 

Table 2. Equations for Performance calculations. 

 

 

In this study when calculating the Performance, the challenge was the use of different engine 

types in the same process and in the same shift. The system records the time spent on each 

rotor type gluing. This work compares separately the ideal time of each different product 

with the net operating time and finally, separate performance figures are multiplied by each 

other and thus a total performance can be formed. Previously, the ideal time for the 

completion of rotors has been defined by taking the ten fastest times for one type of rotor 

and calculating the median time. This value has been used during the ideal time for that rotor 

type. In this study, the fastest manufacturing time of the rotor is used as an ideal time. The 

system is able to continuously measure the fastest times for each rotor type and thus tightens 

the ideal time whenever a new fastest time appears.  

 

Performance percent per day is calculated when the Ideal Operating Time (IOT) is divided 

by the Net Operating Time (NOT) 

 

𝑃𝐷 =
𝐼𝑂𝑇

𝑁𝑂𝑇
    (5) 

 

where, 

PD = Performance percent for that day. 
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2.3.3 Quality 

Quality is calculated by Processed amount minus defect amounts divided by processed 

amount. Shortly, Good pieces divided by total produced pieces, as seen in Table 3. 

 

Table 3. Equations for Quality calculations. 

 

 

In this study, the percentage of quality shall be obtained by deducting qualitatively 

unsuitable and defective products from all the rotors produced. In principle, incorrect quality 

markings come from robot quality defect markings, but invalid and discarded rotors can also 

be marked manually by an operator. After all, if the rotor is valid for production, the quality 

percentage will be 100 %. 

The formula for this goes: 1 minus Lost Operating Time (LOT) divided by Ideal Operating 

Time (IOT) 

 

𝑄𝐷 = 1 −
𝐿𝑂𝑇

𝐼𝑂𝑇
   (6) 

 

where, 

QD = Quality percent for that day. 

 

As found earlier, all these formulas must be tailor to a particular machine or process. All the 

needed ingredients and formulas must choose for every special case and applied these basic 

equations for its needs. 

 

2.3.4 Formation of OEE figures 

For actual OEE measurement, both OEE (A*P*Q) values and Weighted OEE values are 

used in this research. The traditional OEE calculation multiples Availability %, Performance 

%, and Quality % together, A*P*Q. Weighted OEE calculation compares the relationship 
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between the time spent on the manufacture of a particular product to the total time spent on 

the manufacture of all products. With Weighted OEE values, it’s easier to compare 

efficiency between different products. 

 

The weighted OEE is calculated as follows: 

 

Weighted Availability % = Availability% ∗ (
𝑁𝐴𝑇

𝑇𝑜𝑡𝑎𝑙_𝑁𝐴𝑇
) (7) 

 

Weighted Performance % = Performance% ∗ (
𝑁𝑂𝑇

𝑇𝑜𝑡𝑎𝑙_𝑁𝑂𝑇
)  (8) 

 

Weighted Quality % = Quality% ∗ (
𝐼𝑂𝑇

𝑇𝑜𝑡𝑎𝑙_𝐼𝑂𝑇
)   (9) 

 

Weighted OEE % =
𝑂𝐸𝐸(𝐴∗𝑃∗𝑄)%∗𝑁𝐴𝑇

𝑇𝑜𝑡𝑎𝑙_𝑁𝐴𝑇
    (10)  

 

2.4 Losses 

The emergence and identification of losses are an integral part of OEE measurement. The 

OEE measurement measures the process and its efficiency. When anomalies are detected in 

the measurement, bottlenecks can begin to be found that cause problems in production. After 

that, there is a much better chance of trying to influence loss activities. Bottlenecks and 

losses are often related to extensions of set-up times, equipment malfunctions, repairs, short 

breaks, and other loss measures, i.e. Availability, Performance, and Quality. By figuring out 

the components of OEE measurement, it is possible to calculate the overall efficiency 

situation and thereby influence potential bottlenecks (Arrow Engineering 2020). OEE shows 

a big picture of the problems but not the details that can be used to take the actual corrective 

actions.  

 

To identify the loss, there are already tables and lists that can be utilized for production 

needs. First of all, the elimination of unproductive activities will be examined by lean 

principles. The results are then compared with the OEE principles, which allow conclusions 

to be drawn from the success of the removal of the waste. 
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Taiichi Ohno’s idea in the Lean philosophy is to eliminate all unnecessary and unproductive 

functions from production. Ohno developed a list of 7 + 1 list, where he lists 8 unproductive 

activities. The list includes: 

 

1. Overproduction. Products are made more than need. 

2. Waiting times. Waiting for the product in production causes a waste. 

3. Inefficient transportation. There’s no added value for the customer produced by 

moving the product between production stages. 

4. Over processing. Making over quality eats production time. 

5. Unnecessary stock. Storage entails additional costs. 

6. Unnecessary motion. For example, searching for a product does not add value to the 

customer. 

7. Rejects & Defects. Cause extra material consumption and unnecessary work. 

8. Unused human talent (Pinja 2020). 

 

As can notice several of the same topics are directly linked to the OEE calculation. The 

below examples of OptimumFX consulting Six Big Losses in Table 4 and Johnson & 

Lesshammer’s Six Major Losses in Table 5. Johnsons and Lesshammer’s presentation is 

based on Nakajima’s Introduction to TPM book on page 25. Table 4 shows the category 

from which the waste is generated and what the loss affects the OEE calculation. The table 

also shows what measures can be used to improve and correct the waste. (OptimunFX 

Consulting 2020) 
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Table 4. What parts does the six big losses consist of and how does it relate to OEE 

calculation. Table prepared OptimumFX Consulting Six Big Losses. 

Six big loss 

Category 

OEE 

Measure 

Reason for Loss Countermeasures 

 

Planned 

downtime of 

an external 

unplanned 

event 

 

 

Availability 

• Changeovers 

• Planned maintenance 

• Material shortages 

• Labor shortages 

• Planned 

Downtime 

Management 

• 5S Workplace 

Organization 

• ABC Planning 

 

Breakdowns 

> 5 minutes 

 

 

Availability 

• Equipment failure 

• Major component 

failure 

• Unplanned 

maintenance 

• Kaizen 

• ProACT 

• Root cause 

analysis 

• Asset Care 

 

Minor stops 

< 5 minutes 

 

Performance 

• Fallen products 

• Obstruction 

• Blockages 

• Misalignment 

• Cleaning  

• 5S Workplace 

Organization 

• Adjustments 

• Line Minor Stop 

Audits 

 

Speed loss 

 

Performance 

• Running lower than 

rated speed 

• Untrained operator 

not able to run at 

normal speed 

• Line Balance 

Optimization 

• Adjust 

Production 

rejects 

 

Quality 

• Product out of 

specification 

• Damaged product 

• Scrap 

• Six sigma 

• Error proofing 

• Root cause 

analysis 
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Table 4 continues. What parts does the six big losses consist of and how does it relate to 

OEE calculation. Table prepared OptimumFX Consulting Six Big Losses. 

 

Rejects on 

start up 

 

 

Quality 

• Product out of 

specification start of 

the run 

• Scrap created before 

nominal running after 

the changeover 

• Damaged product 

after planned 

maintenance activity 

• Planned 

Downtime 

Management 

• 5S Workplace 

Organization 

• Standard 

Operating 

Procedures 

• Precision settings 

 

Table 5 shows Johnson and Lesshammer’s Table of six losses. In Figure 1 is the picture from 

the Introduction to TPM book which shows how those losses affect the OEE calculation. 

 

Table 5 Johnson & Lesshammer’s view of Six equipment Losses. 

Loss Definition 

1. Equipment failure Losses due to failures. Failure types include 

sporadic function stopping failures and function-

reduction failures in which the function of the 

equipment drops below the normal level. 

2. Setup and adjustment Stoppage losses that accompany setup changeovers 

including adjustments for correct positioning. 

3. Minor stoppage and idling Losses that occur when the equipment temporarily 

stops of idles due to sensor actuator or jamming of 

the work. 

4. Reduced speed Losses due to actual operating speed falling below 

the designed speed of the equipment. 

5. Defect/Rework in process Losses due to defect and reworking of product. 

6. Reduced yield Losses of materials due to differences in the weight 

of the input and output. 
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Figure 1. The connection between Six Losses and OEE calculations. Image source 

Introduction to TPM book. 

 

 

2.5 Various tools to support OEE calculation and analysis. 

Often, an OEE calculation is accompanied by a variety of methods that can either contribute 

to the smooth flow to analyze what causes loss or delays in production. These include 

example TEEP, SMED, ABC, 5S, Pareto Chart, and Root Analysis. 

 

2.5.1 TEEP (Total Effective Equipment Performance) 

TEEP measures the capacity of the actual manufacturing operation. In other words, how 

much can afford to tighten the operating capacity of the device? The calculation is simply 

OEE * U, where U = Utilization, and calculation is performed as follows: 

 

𝑈 =
𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒

𝐴𝑙𝑙 𝑇𝑖𝑚𝑒
  (7) 

(OEE.com, 2020). 
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2.5.2 SMED (Single Minute Exchange of Die) 

As its name suggests, the purpose of the SMED tool is to reduce tool replacement times to 

less than 10 minutes, i.e. “single digits” in minutes. The tool has a direct impact on the 

Availability in OEE-calculations. (OEE.com 2020) The SMED method is part of the Just-

In-Time (JIT) method, where materials are ordered and received only when needed. The goal 

is to shorten the production time of products and at the same time reduce the cost of the 

product (Chloelebechec, 2020).  

 

The steps of the SMED method consists of the following different components as seen also 

Figure 2: 

1 Identify a pilot area 

• This is the most important step to consider. 

2 Identify Elements 

• Identify all the changeable elements. 

3 Separate external elements 

• Specify all elements needed in the process of category internal or external 

elements. 

4 Convert internal elements to external elements 

• Identify internal elements that can be converted to external. 

5 Streamline remaining elements 

• Can this still be done in less time? (Trout, 2020) 

 

 

Figure 2. SMED-method process. The goal of the tool is to reduce production time and 

costs. Image source the blog of Logistics at MGEPS at UVP.  
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2.5.3 5S and 6S (5S + Safety) 

5S is the basic element of Kaizen in lean philosophy. It can be used to minimize waste, which 

consists of both the examples in Tables 4 and 5 and from the waste of Taichi Ohno’s 7 +  1 

list.  

 

5S terms consist of words: 

- Sort (Seiri), Remove all irrelevant tools, etc. from the workstation. 

- Set in Order (Seiton), Place everything in its own place, visual control. 

- Shine (Seiso), Daily cleanliness. 

- Standardize (Seiketsu), Standardized functions, working methods, policies, etc. 

- Sustain (Shitsuke), Commit and monitor compliance with agreed standards.  

 

5S focuses on the waste consisting of: 

- Faults, repairs afterward, waste of time, and material. 

- Overproduction, manufactured beyond needs. 

- For waiting, users or processes stand for nothing. 

- For unnecessary movement, moving people and materials eats time and 

resources. 

- Additional storage, storage costs. 

- Oversized, more time is used than necessary. 

- Transport, non-value-added business. 

 

6S (a.k.a. 5S + Safety) is a system that aims to promote and maintain high productivity 

throughout a whole working environment. The 6S method follows the 5S method but adds 

the concept of safety. 6S method not only helps organizations promote effective working 

environments, but also create a sustainable safety culture (iAuditor by Safety Culture 

Company 2020). 

 

2.5.4 Pareto Chart 

Pareto chart presented by Joseph Juran, named after Vilfredo Pareto, is a widely known tool 

for eliminating loss of production. The Pareto chart is also known as the 80/20 rule. Its basic 

idea is that 20 % of operations cause 80 % loss (Versalytics.org,2020). By focusing on these 
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20 % activities, productivity can be significantly improved. For example in Figure 3 by 

focusing on the first three causes of loss, which account for a total of 80 % waste, 

productivity can be significantly improved. 

 

 

Figure 3. Pareto chart shows which things cause 80 % of waste. After that, it is easier to pay 

attention to improving these things. 

 

2.5.5 ABC-analysis 

ABC-analysis is an inventory classification method which used to classify product stored 

according to their consumptions, for example (Lokad, 2020). ABC-analysis can help and 

support 5S improvement, for example by placing fewer consumption products further away 

and products that are needed every day closer to the workstation. The results of the Pareto 

chart can be used directly to support ABC-analysis. 

 

2.5.6 5-Whys and Root Cause Analysis 

The Pareto chart is often accompanied by a 5-Whys method. The method asks why to 

rummage up the root of the problem. The 5-Whys method is developed by Sakichi Toyoda 

as a part of Toyota’s production system. It also became an integral part of Toyota’s Lean 



31 

 

philosophy (Kanbanize.com, 2020). Another commonly used name for the 5-Whys method 

is Root Cause Analysis. The aim is to tackle the root causes of the waste and making changes 

where the cure is detected. As a result,  production should flow better. 

 

2.5.7 DMAIC 

The DMAIC problem-solving method is a screening technique that proceeds very logically 

toward the core or root cause. (Quality KnowHow Karjalainen O.Y. 2020). The method is 

used to optimize existing processes systematically and on a fact-based basis. DMAIC aims 

to increase quality by reducing repair work and scrap and also reduce stocks and lead times 

through inventory and capacity adjustment (John et al. 2008, 11.).  

 

DMAIC method consists of five steps: 

D = Define 

o In the definition phase, the problem is identified and delimited, as well as 

setting a goal. 

M = Measure 

o The measurement phase confirms the problem, identifies potential causes 

of the problem, and ensures the quality of the data. 

A = Analyze 

o Data is used in the analysis phase. The information gathered will be 

examined to determine which process factors are causing the problem. 

I = Improve  

o Improvement and optimization phase solves the problem and 

experimentally tests factors. 

C = Control  

o A system is created during the control and control phase to ensure that 

the condition achieved is maintained after the improvement project 

(Quality KnowHow Karjalainen O.Y. 2020). 

 

On the next page, Figure 4 shows how the DMAIC method is progressing consistently. 
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Figure 4. The DMAIC problem-solving method is a technique that proceeds logically 

toward the core or root cause. Define, Measure, Analyze, Improve Control, and start all over 

from the beginning. 

 

2.6 The OEE method applied in this research 

The method offered by Vergence Business Associates – Manufacturing Consultants is the 

most closely applied to the OEE calculations in this research. The main difference between 

previous, simplified methods is that in this method weighted factors are used to interpret the 

final OEE calculations, instead of arithmetic averages. Therefore, the results can be expected 

to be much more accurate and detailed when compared to simplified methods. Weighted 

factors, make comparisons between products produced or different processes, for example, 

much easier and clearer. With the weighted factors can monitor the relativity of a single 

product concerning the entire production batch. How much time, for example, a single 

product needs from the whole batch. 

 

Vergence Business Associates – Manufacturing Consultants’ OEE calculation method starts 

like simplified methods. As found in the OEE spreadsheet, Table 6 below, the calculations 

(The Net Available Time, Net Operating Time, Ideal Operating Time, Lost Operating Time) 

follow the same calculation principles as described in Chapter 2.3. 
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Table 6. Basic OEE calculations are made as described in Chapter 2.3. 

 

 

For a simple method OEE calculation table, the factors are formed as follows: 

1. Scheduled Production Time or Planned Production Time 

2. Planned Down Time:  Scheduled downtime events 

3. Unplanned Down Time:  Unscheduled downtime events 

4. NAT = Net Available Time (Scheduled Production Time - Planned Down Time) 

5. NOT = Net Operating Time (Net Available Time - Unplanned Down Time) 

6. IOT = Ideal Operating Time (Time to Produce All Parts at Rate) 

7. LOT = Lost Operating Time Due to Production of Scrap or Non-Saleable Product  

8. VAT = Value Added (Time to Ready for Production parts) 

(Vergence Business Associates - Manufacturing Consultants 2020). 

 

Because the ratio of single products to the entire patch wanted to monitor, also the 

weighted factors took into account. Weighted factors tell percentage terms how much time 

spend producing the product, within a certain time frame, compared to producing another 

product in the same time frame. Weighted factors are calculated as shown in Table 7. 

Table 7. The equations for weighted factors. The weighted factors compare individual parts 

to entire batch. 

Weighted Formula Explanation 

Weighted 

Availability 
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 % ∗ (

𝑁𝐴𝑇

𝑇𝑜𝑡𝑎𝑙 𝑁𝐴𝑇
) 

Sum of the individual 

processes. 

Weighted 

Performance 
𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 % ∗ (

𝑁𝑂𝑇

𝑇𝑜𝑡𝑎𝑙 𝑁𝑂𝑇
) 

Sum of the individual 

processes. 

Weighted 

Quality 
𝑄𝑢𝑎𝑙𝑖𝑡𝑦 % ∗ (

𝐼𝑂𝑇

𝑇𝑜𝑡𝑎𝑙 𝐼𝑂𝑇
) 

Sum of the individual 

processes. 

Weighted OEE 
𝑂𝐸𝐸 % ∗ (

𝑁𝐴𝑇

𝑇𝑜𝑡𝑎𝑙 𝑁𝐴𝑇
) 

Sum of the individual 

processes. 
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2.6.1 Example 1, Calculating Weighted Availability 

Calculating Weighted Availability. Shown in Table 7, and Table 8 row A.   

 

Availability = Availability % * (NOT/NAT) 

 100*(423/455) = 93 % (As seen in Table 8, row A, Process) 

 

Weighted Availability = Availability % * (NAT/TotalNAT) 

 93%*(455/1255) = 33.7 % (As seen in Table 8, row A, Weighted) 

 

Table 8. Availability, Performance, Quality and OEE calculation example. Note the 

formation of the weighted factors. 

 

 

Machine A uses 33,7 % Availability of the total time frame (A, B, and C = 94,3 %).  

 

Similarly, the above formulas can be calculated with a weighted OEE percentage, which is 

not the arithmetic average percentage (Vergence Business Associates – Manufacturing 

Consultants, 2020).  If the arithmetic average values were used, the differences between OEE 

and Weighted OEE figures would not be very significant yet. But as the number of products 

or the number of parts increases, the figures begin to become much more significant. 

 

By examining these three machines (A, B and C), it can already be seen that the table can 

easily be used to compare and interpret the relationship between each separate process. 
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3 KONE CASE  

 

This chapter introduces the production line and how the research methods presented in 

Chapter 2 are applied to that line. 

 

This OEE study investigated the suitability of KONE factor’s rotor gluing process. The 

process consists of cleaning rotors, gluing, barning magnets, and curing process of adhesive.  

In the operation of the entire elevator machine, the functionality of magnets plays a very 

important role. For that reason, it’s also important to have collected data about the gluing 

process. Working with powerful magnets sometimes brings surprising challenges to the 

process. Although robots charge magnets, there may be deviations in the quality of the 

magnets that affects the process. In the gluing cell, gluing is done manually, and also using 

semi-automated and fully automated functions. The purpose of the thesis was to perform an 

OEE measurement on that particular cell because of its challengingness. After that, the 

possible adaption of the standardized instrumentation to other production processes is 

slightly simpler. A similar OEE calculation exercise has previously been performed on this 

cell, but this thesis brings a different approach angle to the calculation. The biggest 

difference is that the previous study has examined wastage by rotor completion rates and 

this study examines waste overtime use. 

 

3.1 Production line 

The gluing process begins with cleaning the rotors. After cleaning, glue is spread with a 

semi-automated dispenser by an operator. The rotor is sent to the robot cell for magnet 

barning. In the robotic barn is the cell where the robot loads the magnets on the rotor wheel. 

Finally, the protection sheet glued at the top of the magnets and rotor sent to the oven with 

the torque clamp. After the oven, the glue is hardened, after which the rotors are ready to 

furnish with bearing and ready be mounted on the machine frame.  

An operator orders the rotor wheel to the gluing site. But if the oven is full, a new rotor 

cannot be ordered and the gluing cannot be started. This is because the open time of the 

adhesive must not be exceeded, the adhesive must not dry out before the rotor enters the 

oven. An operator takes care of the glue-applying of the rotor. It’s done with a semi-

automatic dispenser. The operator also ensures that the rotor leaves to the robots and later 

an operator sends the rotor to labeling, to the clamp, and finally to the oven too.  
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The automated magnet stacking cell has three robots, one of which works from delivering 

magnetic stacks to a magnet separator. Two other robots take S and N magnets from the 

stacks and mount them to jig grooves to the top of the rotor wheel. Before stacking, the robot 

photographs the magnets and discards the defective ones. The rotor gluing and automated 

magnet stacking cell can be seen in Figure 5.  

 

(NOTE! Some of the processes, components, and values are commonly defined because two 

different versions of the thesis have been made, secret and general.) 

 

Figure 5.  Production line to which OEE-calculation is applied. The line includes Assembly 

cell1 and Assembly cell2. 

 

On the next page, Figure 6 shows the components in the assembly process from which the 

OEE measurement of the thesis is performed. 

 

The rotor assembly parts: 

• The assembly includes few different components which are named Component 2, 

Component 4 and Component 5. 
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Figure 6. The Assembly1 includes the Components 2, 4, and 5.  

 

A more detailed description of the Assembly cell1 process is shown in Figure 7 and proceeds 

as follows: 

1) The Process1 [No 1 in Figure 7], after Process1 the products are transferred to the 

conveyor [2] automatically. 

2) An operator orders Component4 for the point [3] and when Component4 reaches the 

point [3], the OEE timing starts. 

3) An operator starts the investigated process manually. The operator sends the 

Component4 along a conveyor to point [4]. 

4) After that, Component4 returns to the operator [5], where the operator applies a 

second process and places Component3 on top. 

5) From here, the operator sends the assembly to the point [6], where the machine puts 

a QR code sticker on the top of the assembly. 

6) From here, assembly continues to the clamp [7].  At the clamp site, Component3 

places the clamp on the assembly and tightens the clamp to the set torque. When 

torque is reached, the OEE timer stops. (From here the assembly continues to the 

curing process of adhesive.)  
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Figure 7. Progress in the assembly process. The assembly proceeds on the line in the 

numerical order shown in the figure. 

 

Table 9 below summarizes the assembly process. The table indicates where the process OEE 

measurement occur. The table also shows where the triggering are taking place thus these 

triggering points could be utilized in the future if the need is recognized. The last column 

shows how that process is performed. 

 

Table 9. The process and the triggering points that occur during it. 

Action What is happening Triggering Performance 

Process1 Component4 to 

Process1  

Track to MES Semiautomatic. 

Started manually. 

Stage1 The Component4 

arrives at the 

Assembly cell1 

along the roller 

track. 

Triggering occurs 

when the 

Component1 is 

ordered to the 

Assembly cell1 = 

OEE timer 

switches on. 

Semiautomatic. 

Started manually. 
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Table 9 continues. The process and the triggering points that occur during it. 

Process2 Process2 starts and an 

operator attach a 

Component5  and the 

Component4. 

Trigging at the 

Assembly cell1 when 

the Process2 starts. 

By hands. 

Process3 Component1 assembly 

with robots 

Track from sending. Automatic 

operation. 

 The Component4 comes 

back from Assembly 

cell2. 

Track Automatic 

operation. 

Process4 The Componen2 

assembly.  

Trigging at the 

Assembly cell1 when 

the Process4 is done. 

By hands 

 

Stage2 The Component4 goes to 

the Stage2. 

Trigging when Stage2 is 

done. 

Automatic 

operation. 

Stage3 The Component2 moves 

to the Process5. 

When the Process5 

reached, the OEE 

timer switches off. 

Automatic 

operation. 

Process5 The Component4 passes 

through the Process5 in 

standard time.  

Trigging when the 

Process5 ends. 

Automatic 

operation. 
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3.2 General Case example 

Because the workload varies quite a lot, the number of operators in shifts is not constant and 

operators have different work tasks during the shift, it is quite unfair to measure the process 

in such a way as to measure the Net Available Time (NAT) would be determinate for eight 

hours.  So in this study, it was decided to perform the measurement only during the process, 

when the process is running. TEEP% tells more about the production utilization rate and 

capacity. 

In this calculation, an example is reviewed how the table should be implemented. The aim 

is to bring out hourly, daily and weekly periods. Later the data can be applied to extend to 

monthly and annual periods. 

For this research, a shift has been chosen quite randomly and it could be any shift as well. 

The thing that has been searched is the shift which manufactured different types of machines 

and included both manual and automated processes.  

The results are generated basis on both the Engineering Standard tab (As seen in Chapter 

3.3, Table 10) and the actual values that are entered into Input columns in the table (As seen 

in Chapter 3.4.2, Table 12). The formation and progression of the results shown in Figure 8, 

as seen in also Appendix I, Flowchart.  

 

 

Figure 8. A process diagram that shows the order in which the data is entered and what data 

is entered into the table, which things are calculated in the table, and what kind of results the 

table produces. 

 

The results to be monitored are Availability, Performance and Quality, and the Overall 

Equipment Efficiency that consists of these three factors. In addition, to be observed both 



41 

 

distributions of weighted values in the results and total effective equipment performance 

(TEEP). 

 

3.3 Engineering standards 

For the Master Data table, first, required values are set on the engineering standards tab, seen 

in Table 10. On the engineering standards tab is set Assembly types, Component1 types, 

which line Assembly-type goes to be assembled, and the ideal times for the Assembly 

process1. Planned breaks are also entered on the tab. 

 

Table 10. The engineering standards tab is used to enter the Assembly types, Component1 

types, production line which Assembly1 will continue, and ideal times. Planned breaks are 

also recorded in this table. Actual production times are compared to the ideal times entered 

in this table. 

 

 

3.4 OEE Master Data Table 

This section introduces the OEE calculation Master Data Table from which the actual 

efficiency metrics can be calculated. Availability, Performance, Quality, Traditional OEE, 

and Weighted OEE equations are presented in Chapters 2.3.1-2.3.4 

 

3.4.1 Planned Production Time – Shift Schedule and Reference Data 

In Table 11, the data in columns A through E are obtained directly from the system. Based 

on the assembly selected in Column F, the table automatically provides information about 

the assembly line (Column G), Component1 type (Column H), the ideal production time in 

seconds (Column K), and the used production time in minutes (Column L). 
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Table 11. These values comes from log data from the system and from Engineering standards 

tab, presented in Chapter 3.3. 

 

 

3.4.2 Input Data 

Table 12 is shown Input data. Column M, Total Production Time shows how much time is 

spent on Assembly process1 this particular Assembly1. There is no Planned Downtime for 

this Assembly1 nor are there any Unplanned Downtime. Columns P and Q tell us that one 

Assembly1 is made flawlessly and it’s ready for production. 

 

Table 12. Input data includes Production time, Downtimes, and Quality issues. 
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3.4.3 Calculated Time Factors 

In Column R, Net Available Time (NAT), is calculated from Total Production Time minus 

Planned Down Time. In column S Net Operating Time (NOT) is calculated from Total 

Production Time minus Planned Downtime minus Unplanned Downtime. Ideal Operating 

Time (IoT) comes from the Engineering standards tab but is shown here in minutes. Lost 

Quality Time tells us how much time has been wasted when a scrap quality rotor has been 

manufactured. As seen in Table 13 below. 

 

Table 13. Calculated Time Factors. The Net Operating time  come from trigged points which 

are presented in Table 9. Ideal Operating Time come from engineering standard. 

 

 

3.4.4 OEE (A*P*Q) Factors and Index  

In Table 14, Availability %, Performance %, and Quality % is calculated as shown in Chapter 

2.3.  The final OEE value (Column Y) is generated when Availability %, Performance %, 

and Quality % are multiplied. 
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Table 14. Formulation of OEE. The OEE percentage is obtained when Availability%, 

Performance%, and, Quality% are multiplied. (A*P*Q). 

 

 

3.4.5 Weighted OEE Factors 

Weighted OEE factors are calculated as shown in Chapter 2.3.4. 

Weighted Availability is calculated when multiplied Availability % (Column V) and NAT 

(Column R) and divided them by Total Net Available Time (Total_NAT), which is the total 

time spent manufacturing this batch. The factor shows how much availability time in 

percentage has been used on this rotor compared to the entire bunch of rotors (Table 15). 

 

Table 15. Weighted OEE factors, Weighted Availability. The rotor hogged 11 % of 

availability from whole manufacturing bunch.  
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Similarly, Weighted Performance is comparing individual Assembly1 performance time to 

Total Net Operating Time (Total_NOT). And again it can be noticed Weighted Quality is 

related to Quality % and Total Ideal Operating Time (Total_IOT). The same bunch in Table 

15, the second hour, the first manufactured Assembly1 hogged 8 % of quality time from the 

whole bunch to make this individual assembly ready for production. 

Finally, the Weighted OEE percentage is calculated from OEE (A*P*Q) compared to the 

whole bunch of Total_NAT (Table 16). 

 

Table 16. Weighted OEE is calculated from OEE (A*P*Q)*NAT/Total_NAT. 

 

 

The weighted values show the use of time is distributed in the shift. Weighted values 

compare to the shift Net Available Time, so it measures the time spent on one assembly 

concerning the time spent on the entire shift.  

 

 

3.4.6 Quick Check OEE 

In Table 17 this section shows the total amount manufactured (column AD). Ideal Run Time 

(column AE), which shows how much time should be spent to manufacture this quality 

Assembly1. If Assembly1 is scrap the Ideal Run Time is zero.  The last row shows the OEE 

percentage of particular Assembly1.  
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Table 17. Quick Check OEE collects total produced Components, ideal time and OEE 

percentage to one table. 

 

 

3.4.7 TEEP % (Active minutes / Hour) 

This TEEP table (Table 18) compares the active Ideal Operating Time manufacturing 

minutes to a whole hour. It tells how much the operator spent time gluing in one hour. It 

does not tell what other activities the operator has to do during the gluing process, only the 

starting and ending time and how many minutes the gluing takes in one hour period. The 

formula is Total Ideal Operating Time divided 60 minutes. 

 

TEEP % =
𝑇𝑜𝑡𝑎𝑙_𝐼𝑂𝑇 (ℎ)

60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
   (11) 
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Table 18. TEEP table shows how many minutes per hour is spent doing the work. TEEP does 

not take into account work-supporting activities. 

 

 

TEEP% shows roughly how actively the process has been performed over a period of time. 

 

3.5 Hourly based figures 

Hourly figures apply the same formulas as daily ones. The difference, of course, is that the 

comparison is made with the assemblies that have taken place during each hour. Table 19 

shown hourly figures. For example Weighted Availability %h: 

 

Weighted Availability %ℎ = Availability% ∗ (
𝑁𝐴𝑇

𝑇𝑜𝑡𝑎𝑙_𝑁𝐴𝑇11:00−11:59:59
)(12) 

 

Where, Weighted Availability = Hourly weighted Availability and  

Total_NAT11:00:00-11.59:59 = time spent on assemblies between 11:00:00 PM – 11:59:59 PM. 
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Table 19. The OEE Master Data shows hourly calculations. How many percent of each rotor 

has taken up the Total Availability. 

 

 

3.6 Shift based figures 

The figures per shift are formed in the same way as hourly figures. The weighted values in 

a shift-specific table show the percentage of time spent on that meter (Availability, 

Performance, Quality) during the shift. For example in Table 20, during the first hour, 

performance has been only two percent of the total shift, while during the second hour, the 

rotors have been glued for 20 percent of the total shift. The optimal situation would be that 

the weighted percentages in a specific meter would be as close as possible to each other. 

That would mean that the pace of work would be steady throughout the shift. 

 

Table 20. Weighted values show how the time spent is distributed between the different hours 

of the shift. 
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3.7 Day of the week based figures 

The day of the week figures is formed the same way as to shift based figures. In Table 21 is 

seen the daily based figures. The weighted values in the day of the week show the percentage 

of time spent per day (Availability, Performance, Quality) comparing the week. As seen in 

Table 21, Sunday’s work hours have taken 13 % of Availability compared to 100 % of 

Availability of the whole week. The remaining Availability has been used on the other days. 

TEEP% is 40 % and consists of the days when the work has been done. Total TEEP % 

calculates the average for the week without taking into account days when production is not 

done. Errors are also seen with arithmetic averages at the bottom row. Seen in Table 21. 

 

Table 21. Daily based results during the week. Note also the results of weighted values 

 

 

3.8 Assembly line based figures 

The assembly line based figures show the lines where the machine is ended up to assembly. 

In this case, the machines are produced to two different assembly lines, to Line 1 and Line 

2. In Table 22 can be seen how the production is weighted between different assembly lines. 

 

Table 22. Assembly line based figures show how production is weighted between the 

assembly lines. 
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The percentages of weighted values are directly related to the quantities of pieces 

manufactured if everything goes as planned as shown in Table 23. Quick check OEE shows 

the used Ideal Run Time for each assembly line and same Total OEE percentages as in the 

OEE summary Table above. Ideal Run Time shows minutes used to manufacture the batch 

to the particular line. 

For example, in Table 23 Quick check OEE shows the OEE numbers for Line 2 = 69 % and 

Line 1 = 76 %. The total OEE value is 73 %, which is not an arithmetic average. 

 

Table 23. Weighted values are related to manufactured rotors. 

 

 

3.9 Component1 based figures 

In this case, Component1 based Table is like the Assembly line based. Five different 

Component1 are produced and they go to two different assembly lines. Also, the weighted 

values, Run time and Quick OEE values could be compared as presented in Table 24. 

 

Table 24. Component1 type figures. The table can be used to monitor the efficiency of 

production between different types of components.  
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3.10 The machine type based figures 

Table 25 shows Assembly1 type figures. It separates all different assembly types and the 

Availability, Performance, and Quality percentages. Overall OEE percentages still come to 

NOT/NET so it based on the waste of time.  

 

Table 25. The Assembly1 type based results. Here the table can be used to monitor the 

efficiency of production between assemblies. 

 

 

Studying the weighted value figures in Table 26, it can be seen that, for example, 52% of the 

total availability (100%) is been used to make all Cmpt1.4. components. Similarly, 42 % of 

the total performance (74 %) is been used to produce all Cmpt1.4 components. These 

percentages are also relating to how many rotors have manufactured when all goes as 

planned. 

 

Table 26. Weighted values on the machine type based figure table. 
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4 RESULTS AND ANALYSIS 

 

The chapter examines the data collected from one shift and draws some conclusions based 

on the analyses. The results were desired e.g. hourly, shift, and daily, but also for assemblies 

and components. 

 

NOTE! Some of the processes, components, and values are commonly defined because two 

different versions of the thesis have been made, secret and general. Also note, some of the 

analysis is done based on secret thesis results. 

 

In this research, the results obtained during a single shift, which can be used to determine 

the validity of the study. These results consist of actions throughout the week. Six different 

machine types were manufactured, one of which was manufactured manually and semi-

automatically, and the rest machines with semi- and fully automatic. The machines ended 

up being assembled on two different production lines. Five different kinds of components 

were used within assemblies. 

 

4.1 Hourly-specific results per shift 

Table 27 summarizes the results of one shift hour by hour. The shift is from Sunday night 

10 PM to Monday morning at 6 AM. 

 

Table 27. Hourly results per shift (Night shift, 22:00 PM – 06:00 AM). Note the arithmetic 

averages in the bottom row of the table. 
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• OEE: Summary – Hourly / Shift (%) 

 

o Availability (A) 100 % 

o Performance (P) 87 % 

o Quality (Q)  97 % 

o OEE (A*P*Q) 84 %  

o Weighted OEE  84 % 

o TEEP  33 % 

 

Presented also in Appendixes II,1 – II,4. An hourly-based table and diagrams for one shift, 

hour-by-hour, and overall OEE values per shift are seen. 

 

 

Hourly-specific analysis 

Analyzing the results from the hourly shift table (Table 27, as seen in also Figure 9 and  

Appendixes II,3 and II,4), the following can be stated:  

 

• During the first hour, one assembly is manufactured Assembly1 which was a ready 

for production, (RFP) -quality and it’s done 73 % efficiently (Performance). And 

throughout the process, the devices have been 100 % available. During that hour 6 

% of the time is used for the process. So it means once the Assebmly1 is done, it is 

made quite efficiently. 

• During the second hour 12 pieces of rotors are manufactured and the whole batch is 

done with 81 % efficiency, 100 % quality, and availability was also 100 %. As seen 

the TEEP% (Total Effective Equipment Performance) is now 64 %, so circa 38,5 

minutes of the hour is used only for the process. 

• In the third hour, a quality issue is seen. One of Assembly1 has gone to wreck and 

therefore the quality percentage has dropped to 67 % during this hour. The total 

quality for the shift is 97 % as seen in figure 10. 

• The last hour from 5:00 AM to 6:00 AM was a planned break so there’s no work and 

for that reason, all the OEE meters are zero percent. Because this is a planned break 

it does not affect the Availability, Performance, or Quality. As seen in Figure 10. 
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Figure 9. Hourly diagrams for shift C (night shift). The diagram shows how the work has 

been done in each hour. 

 

 

Figure 10. The night shift C summary chart. The chart shows how the work has been done 

in the whole shift. 
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4.2 Master data specific results 

The master data table shows the whole week’s OEE calculations in Table 28. As seen also 

Appendix III, Master data OEE table. 

 

Table 28. Master data table for week. C = Night shift, A = Day shift, and B = Afternoon 

shift. 

 

• OEE: Summary – Master Data (%) 

 

o Availability (A) 100 % 

o Performance (P) 74 % 
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o Quality (Q)  98 % 

o OEE (A*P*Q) 73 %  

o Weighted OEE  73 % 

 

The Master data general analysis 

Full week values are now Availability = 100 %, Performance = 74 %, Quality =  98 % and 

total OEE is = 73 %. Now the Weighted values are compared to the whole week Net 

Available Time, so it measures the time spent on one Assembly1 concerning the time spent 

on the entire week. And because the differences are very small, weighted values are not so 

interesting in this table than a shift-specific table.  Also, note there are no shifts on Friday or 

Saturday. 

 

Some rough conclusions can be drawn to interpret the OEE figures. For example:  

• Unplanned breaks affects straight to Availability% and if Availability% rises OEE% 

rises and if Availability% decreases also OEE% decreases.  

• Planned breaks do not affect Availability% but could affect Performance%. 

• Defective parts do not affect Availability% but affect Quality% and therefore OEE%. 

• If a part is ended up RFP-quality (Ready For Production quality) it does not affect 

Quality% but affects Performance%. 

• If, at some point the ideal time undercut, causes it to be more than 100 % 

Performance% until a new ideal time is set. 

• TEEP% (Total Effective Equipment Performance) measures only the gluing process, 

not any other activities that could belong to the operator at the same time. 

• Because the number of pieces produced is relatively small, under 200/day,  

the effect of individual deviations, on the whole, is quite large and is reflected in the 

indicators. 

 

 

4.3 Daily-specific results during the week  

The daily-specific percentages are shown in Table 29. The results from the whole week are 

seen in. Presented also in Appendix IV. 
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Table 29. Daily-specific results during the week. Note also the results of weighted values.  

 

OEE: Summary – Daily / Week (%) 

• Monday 

o Availability   100 % 

o Performance   88 % 

o Quality (Q)   96 % 

o OEE (A*P*Q)  84 % 

o Weighted Availability (A) 33 % 

o Weighted Performance (P) 29 % 

o Weighted Quality (Q)  38 % 

o Weighted OEE   28 % 

o TEEP   41 % 

 

• Tuesday 

o Availability   100 % 

o Performance   68 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  68 % 

o Weighted Availability (A) 28 % 

o Weighted Performance (P) 19 % 

o Weighted Quality (Q)  26 % 

o Weighted OEE   19 % 

o TEEP   14 % 

 

• Wednesday 

o Availability   100 % 

o Performance   68 % 
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o Quality (Q)   100 % 

o OEE (A*P*Q)  68 % 

o Weighted Availability (A) 15 % 

o Weighted Performance (P) 10 % 

o Weighted Quality (Q)  14 % 

o Weighted OEE   10 % 

o TEEP   47 % 

 

• Thursday 

o Availability   100 % 

o Performance   50 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  50 % 

o Weighted Availability (A) 11 % 

o Weighted Performance (P) 5 % 

o Weighted Quality (Q)  7 % 

o Weighted OEE   5 % 

o TEEP   37 % 

 

• Sunday 

o Availability   100 % 

o Performance   80 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  80 % 

o Weighted Availability (A) 13 % 

o Weighted Performance (P) 10 % 

o Weighted Quality (Q)  14 % 

o Weighted OEE   10 % 

o TEEP   62 % 

 

• Week Overall 

o Availability   100 % 

o Performance   74 % 
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o Quality (Q)   98 % 

o OEE (A*P*Q)  73 % 

o Weighted OEE   73 % 

o TEEP   40 % 

 

 

Figure 11. Daily-specific results during the week. Work is done every day except Friday 

and Saturday. The Night shift starts on Sunday at 10 PM. 

 

Daily-specific analysis 

When all shifts are collected in a single master data table (Table 28), the weighted values of 

individual parts are not particularly interesting. Seen in Appendix III. But when comparing 

Week and shift summary, Appendix IV, it can be seen how, for example, Performance% is 

distributed over different days of the week. With total Performance% 74 and weighted 

performance% on Monday at 29 %, it can be concluded that most of the overall 

Performance% has been done on Monday. As shown in Table 30. 

Sunday’s last two hours (night shift starts on Sunday at 10 PM) have taken 13 % of 

Availability compared to 100 % of Availability of the whole shift. So the remaining 72 % of 

Availability has been used on Monday, Tuesday, Wednesday, and Thursday. In this case, 

TEEP% for the week is 40 % and consists of the time when the Assembly process1 has been 
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in operation. Note also errors if count with arithmetic averages. TEEP % calculates the 

average for the week without taking into account days when production is not done. 

 

Table 30. Weighted values allow for week-specific comparison. 

 

 

 

4.4 Shift-specific results 

Table 31 shows the shift-specific results. As seen in also Appendix IV. 

 

Table 31. Shift-specific results. Most of the quality is done during shift C even though there 

is some quality issue too. 

 

 

 

Shift-specific analysis 

When monitoring the night shift C, in Table 32, it can be seen that there is some quality issue 

because the quality percent is 97. Still, it can be found the shift C has done most of the quality 

in this particular week (52 %). TEEP% shows how actively process has been performed 

during the shifts. On the night shift C has been spent most of the time doing the work itself. 

It counts only the ready for production (RFP) assemblies. 
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Table 32. The Shift summary table for comparison. 

 

 

 

4.5 Assembly line-specific results 

The products that have ended up assembled on the line 2 will receive an OEE of 69 % and 

those that end up on Line 1 will have an OEE of 76 %. Seen in Table 33. Presented also in 

Appendix IV. 

 

Table 33. OEE factors for Line 1 and Line 2. Note also the OEE calculations for each 

separate assembly lines.  

 

 

 

The percentages of weighted values are directly related to the quantities of pieces of 

manufactured if everything goes as planned. The values are seen in Table 34. 
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Table 34. Weighted values are related to the quantities of pieces of manufactured, if 

everything goes as planned. 

 

 

OEE: Summary – Assembly line (%) 

• Line 1 

o Availability   100 % 

o Performance   78 % 

o Quality (Q)   97 % 

o OEE (A*P*Q)  76 % 

o Weighted OEE  44 % 

• Line 2 

o Availability   100 % 

o Performance   69 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  69 % 

o Weighted OEE  29 % 

 

• Lines Overall 

o Availability   100 % 

o Performance   74 % 

o Quality (Q)   98 % 

o OEE (A*P*Q)  73 % 

o Weighted OEE  73 % 
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Assembly line-specific analysis 

In this batch, Assembly1 is produced for two lines, to Line 1 and Line 2. As seen in Table 

35 the total OEE values were the same as earlier. Availability = 100 %, Performance = 74 

% Quality = 98 % and total OEE = 73 %. But now it can be seen how the production separates 

into different assembly lines.  

The percentages of weighted values are directly related to the quantities of pieces 

manufactured if everything goes as planned. Quick check OEE also shows the OEE 

percentages for both lines. The Ideal Run Time used for the assemblies for Line1 is a total 

of 176,5 minutes during the week and assemblies for Line 2 total 117,9 minutes.  Line 1 = 

76 % and Line 2 = 69 %. The total OEE value is 73 %. As seen in Table 35. 

 

As presented in Table 35, for some reason the assemblies that ended up on Line 2 are 

manufactured a little bit slowly compared to ideal times than those that ended up on Line 1. 

There are 38 assemblies that ended up on line 1, while Line 2 ends up with 21 pieces. One 

reason may be that once parts of the same assembly have been brought close to the 

workstation, less actual off-site activities are required. 

 

Table 35. Assembly line table 

 

 

 

 

4.6 Component1 type-specific results 

Table 36 shows how efficiently the assembly1 have been managed to produce from the 

perspective of specific Component1. From this table, is also seen how many Assembly1s 

have been manufactured and how many of them are RFP quality. Also presented in Appendix 

V. 
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Table 36. The Component1 type based results.  

 

 

 

The Component1 type-specific analysis 

Table 37 is found that component type Cmpt1.4 has a better OEE percentage compared to 

other components. From Engineering Data (in Chapter 3.3. Table 10.) is found that Asm2 

uses magnet type Cmpt1.2 and that Assembly has a manual processes. Asm1 and Asm4 use 

the Cmpt1.4 and they are automated processes. The differences may be due to the fact that 

the automatic process is equal in time to the manual process. As seen in Table 34. there were 

7 pieces Asm2 Assembly1.  

Asm6 uses Cmpt1.7 and it is a new Assembly1. The process is under training at the moment. 

 

Table 37. Component1 type-specific table 

 

 

 

4.7 The Assembly1 type-specific results 

Table 38 shows the Assembly1 type based results. For example Performance % for each 

produced Assembly1 types are Asm1= 85 %, Asm3 = 61 %, Asm4 = 80 %, Asm5 (1) = 75 

%, Asm5 (2) = 68 % and Asm6 = 54 %. Overall OEE percentages, 73 %, still comes form 

NOT/NET so it based on waste of time. As seen in Table 28 (Master Data Table). 

 



65 

 

Table 38 shows the Machine type based results. For example Performance % for each 

different assembly types are Asm1= 85 %, Asm3 = 61 %, Asm4 = 80 %, Asm5 (1) = 75 %, 

Asm5 (2) = 68 % and Asm6 = 54 %. Overall OEE percentages, 73 %, still comes form 

NOT/NET so it based on waste of time. Presented in  Tables 37 and 38 plus Appendix V. 

 

 

Table 38. The Assembly1 type-specific results. 

 

 

When researching the weighted values in Table 39 is seen, for example, that it has taken 45 

% of total Availability to manufacture all the Asm4 and 36 % of Performance and so on. 

These percentages are also relating to how many rotors have manufactured when all goes as 

planned. 

 

Table 39. The weighted values by machine type. (25) 
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OEE: Summary – Assembly Type (%) 

• Asm1 

o Availability   100 % 

o Performance   85 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  85 % 

o Weighted OEE  6 % 

• Asm3 

o Availability   100 % 

o Performance   61 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  61 % 

o Weighted OEE  6 % 

• Asm4 

o Availability   100 % 

o Performance   80 % 

o Quality (Q)   97 % 

o OEE (A*P*Q)  78 % 

o Weighted OEE  35 % 

 

• Asm5 (1) 

o Availability   100 % 

o Performance   75 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  75 % 

o Weighted OEE  13 % 

 

• Asm5 (2) 

o Availability   100 % 

o Performance   68 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  68 % 

o Weighted OEE  10 % 
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• Asm6 

o Availability   100 % 

o Performance   54 % 

o Quality (Q)   100 % 

o OEE (A*P*Q)  54 % 

o Weighted OEE  10 % 

 

• Machines Overall 

o Availability   100 % 

o Performance   74 % 

o Quality (Q)   98 % 

o OEE (A*P*Q)  73 % 

o Weighted OEE  73 % 

 

Diagrams of the Master data results can be seen in Appendixes VI,1-3, Diagrams from 

Master Data table. 

 

The Assembly1 type specific analysis 

Six different types of assemblies were manufactured in this batch. In Table 36 can be found 

that Component1 type Cmpt1.2 has a lower OEE percent than in Component1 type Cmpt1.4. 

Table 40. is seen that Asm3 also has a lower OEE percentage than other Asm1, 4, and 5 

types. Asm6 is a new product and no big conclusions can be drawn from it. But can be 

assumed when manufacturing Asm3 assembly had some difficulties compared to others. 

And what it was, it can be monitored out with the tools presented in Chapter 2.5. 

 

Table 40. Assembly type of table. 
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5 DISCUSSION 

 

The discussion section discusses what Availability%, Performance%, Quality%, and 

TEEP% are made up of, as well as the reliability of these results. The chapter also introduces 

the next steps for OEE measurement as well as future applications in production. 

 

5.1 Reliability of results 

Previous chapters have discussed that calculation can be considered reliable by monitoring 

one shift. Theoretically, the results can be considered reliable, especially because the OEE 

calculation is not based directly on arithmetic averages, but also clearly visible weighted 

OEE figures. The weighted factors following the process are formed according to both OEE 

factors and the calculated time factors. All percentages are formed by counting different 

cells, but ultimately give the same values and therefore true to each other. These figures 

allow easy comparison of the relationship between all processes to delves into potential time-

waste areas. 

 

5.2 Availability 

Availability percentage consists only of the moments when the process is in use and the 

measurements take place while the process is running. It has not been felt necessary to 

measure the process, e.g. the availability of robots when the products do not need to be 

manufactured. If there is desire to measure the operating capacity or equipment, it should be 

done separately by other indicators. Here the measurement focuses on the efficiency and 

productivity of the production process. Availability results are influenced by planned and 

unplanned breaks. For example, Availability A and Weighted Availability results, which 

must match because Availability consists of Weighted Availability partition percentages. 

 

5.3 Performance 

When measuring Performance at the beginning of the study, many different options were 

found to obtain results. Currently, the result compares the completion time of the realized 

rotors with the ideal time of the whole bundle, and thus the performance percentage is 

formed. Another way to specify the Performance is to compare the ratio of the ideal average 

time of a batch to the actual batch time. This study compared the production of an individual 

rotor with the ideal time of that rotor type and thereby from whole OEE (A*P*Q) and 
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Weighted OEE figures. In other words, the comparison made over time, unlike in the past, a 

comparison has been made for finished products. 

This measuring method measured the waste of time when work is done. The measurement 

could also perform by measuring productivity throughout the shift. In this case, planned 

breaks, such as coffee and lunch breaks will be added. But when the availability percentage 

would not be very valid if there are times when the glue cell does not have to be used. When 

measuring the performance figure to be considered when the planned coffee and lunch 

breaks have been added, it is if the gluing cell is used flexibly. In that way, during the busy 

times, lunch and coffee breaks are performed smoothly, so that no breaks occur during 

gluing. This would provide a steady workload for a whole shift that could be measured and 

compared easily. 

 

5.4 Quality 

In this thesis, the quality is measured as either ready for production (RFP) or not ready for 

production (NRFP). In other words, whenever a product has an RFP it gets a quality 

percentage of 100 %. Thus, this only affects Performance percentage. 

When measuring the quality, attention is paid to the individual parts to be manufactured. 

Table 41 shows the examples of the second line of one Assembly1 gone to wreck for one 

reason or another. Traditionally OEE measurement, the quality percentage becomes zero, 

and the entire current OEE (A*P*Q) percentage is displayed as zero. But since Weighted 

OEE measuring is in use, there is also seen how Availability and Performance relate to a 

period of one hour, for example. When the data is collected together for an hour, for example, 

the calculation percentages of the wrecked part are also taken into account in the final 

measurement results. 

 

Table 41. How Quality errors affects OEE (A*P*Q) and Weighted OEE measurements. 
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5.5 TEEP % 

TEEP % (Total Effective Equipment Performance) shows us how much time spent on gluing 

in an hour. And as mentioned earlier the gluing process is only monitored. The process 

includes many more activities than only gluing. So it cannot be assumed that TEEP % is 

close to 100. Based on that, it’s possible to start examining Section 2.5. using the tools 

presented, for which activities the unproductive time is used, and what activities can be 

developed to save time. 

5.6 Data from the results 

As the goal of the thesis was, achieve indicators that can easily apply OEE measurement 

when monitoring production efficiency and productivity. The metrics enable real-time 

tracking hourly, day, week, and even yearly. Several other interesting areas to monitor have 

been added to this table, which is also relevant for production.  

 

In Tables 42 a-e, is seen what other data also could track at the same time. 

a) Day-by-day monitoring 

b) Line-by-shift tracking 

c) Which assembly line the rotor is going to assemble on 

d) What type of machinery is at stake 

e) What type of magnets are used in gluing 

 

The table can be used to monitor and compare for example the effectiveness between 

different shifts and, if necessary, to look for root cause time waste. When monitoring which 

lines each assembly is going to assemble, the workload of each line can be monitored 

separately and the lines can be compared. For the future, line-specific monitoring also 

enables the monitoring of the total production of the assembly in smaller parts of the whole. 

Assembly types need to be compared because then it can be seen whether one type of 

machine produces a particular waste of time compared to others and why this is happening. 
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Tables 42 a-e) The efficiency of Day of the Week, Shift summary, to which assembly line the 

product is going to go to assembly, The Assembly1 type and the Component1 type can also 

be monitored if needed. 

 

Appendices IV and V show how the other values of the master data are determined. The 

tables make the comparison easy to perform. 

 

5.7 Next steps 

When the reliability of the OEE calculation has been established, it can be started studying 

the workload much more closely. It can be anticipated the workload from the point of view 

of the process and the usability of operators. Planning can also be started more precisely for 

maintenance, etc. breaks so that unplanned breaks do not interfere with the process itself. 

With carefully planned capacity utilization, it can be moved operators to work elsewhere on 

the production line when there is no workload in the gluing cell. It is also possible to plan 

capacity in the gluing cell so that during quieter periods only certain days of the week are 

glued. In this case, the gluing cell could carry out thoughtful maintenance and repairs on 

days when it does not to be used. 

In the next step, the aim would be to provide operators with a simple way of indicating what 

causing the waste of time or what the quality errors are due to. For example, simple push 

buttons, each with a certain meaning, Error 1 = Material deficiency, Error 2 = Assembly 

process failed, etc. 

With the tables and formulas obtained in this master’s thesis, the next bigger step is to apply 

monitoring to other stages of production, assembly, testing, and packaging. And with 

monitoring in all aspects of the entire production chain, including gluing, assembly, testing, 

and packaging, the overall productivity of a single production line can be monitored from 
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start to finish. Once implemented, the purpose is to continue to apply the use of the 

monitoring to all lines, to all stages of the production. Because the lines may have actions 

purchased from different subcontractors and their business idea is based on their own 

expertise, they are reluctant to tell how to get the data out and how to edit it yourself. 

Admittedly, they are happy to sell their skills.  

 

5.7.1 Applying the monitoring to other actions 

The process is seen in Table 9. The OEE-measuring ends when the clamp achieves the set 

torque. When the assembly goes to an oven it spends there a standard time. After that, the 

final assembly starts and the process proceeds to the packaging.  

According to the line on which line the assembly will be assembled, the assembly includes 

the following steps:  

o Bearing assembly 

o Painting 

o Assembly to Body1 

o Electrification 

o Assembly to Body1 

o Bearing assembly 

o Brake assembly 

o Body2 assembly 

o Final equipping 

o Testing 

o Packaging 

 

These phases could be divided into three main groups, to which OEE-calculation could 

easily apply: 

 

1) Mechanical assembly 

2) Testing 

3) Packaging 

 

Because production control systems like SAP and MES are in use, the locations of all 

individual components can be tracked in real-time. When the component is removed from 
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the storage shelf its code is read into the system. Because the system provides information 

about when components are deployed, it also provides information for OEE-calculations. 

It’s also possible to add a QR-code label to the machinery, which is read at the beginning 

and end of each production step. This provides data on the duration of the respective 

production phase. 

 

The whole line OEE-measurement could implement by dividing different production phases 

for their own blocks and after that combine the calculations and get the whole assembly line 

results. Seen in Figure 12. When the whole production process is divided into smaller 

segments it allows finding bottlenecks in production subdivisions much easier. When the 

subdivision of the bottleneck is found it is easier to start solving the problems. 

 

 

 

Figure 12. In the future, the whole line OEE-results could be implemented by dividing 

different production phases for own OEE-meters and after that combine them for one table. 

Monitoring the whole production line allows observing where bottlenecks occur in the 

production line. 

 

5.8 Beyond the next steps 

One of the long-term exercises is to create the whole production line simulated for 

automation application communication, OPC, or OPC UA Client/Server based. In that case, 

existing systems such as MES and SAP should be connected to the OPC UA communication 
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field. Integration like this still involves a few more challenges, such as the source of the data 

and the fact that not all data is open source. The benefits of this kind of exercise include data 

collection, which would again help to optimize the whole process. 

In the final ideal situation, globally, all types of machines would have standardized OEE 

metrics that measure production efficiency. The measurement would monitor the efficiency 

of production from start to finish, and finally, the data could be collected in a single table, 

precisely for them to see who needs the information at the moment. Also, the entire 

production could be developed with digital twin-type simulations. In this case, the 

production sequence could be optimized so that the flow and the production would work 

efficiently and active TEEP% of the line would be as high as possible. 

 

5.9 Comparison of this study with existing studies 

As Oee.com notes on its website, practically all companies do not count lunch and coffee 

breaks as losses. Not in this study either. Only doing and its effectiveness is measured. How 

efficiently the product is manufactured concerning the ideal time. When a company decides 

to move to staggered breaks, doing so becomes continuous throughout the shift.  

At a general level, approaching to OEE measurement method is very similar to that of other 

measuring methods that can be found. The differences from other methods is that weighted 

values were used to assess the overall situation alongside the traditional OEE metric alone. 

Another big difference is that the TEEP% value is used to measure performance compared 

to capacity. This enables an assessment of the potential efficiency of operations. 
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6 CONCLUTION 

 

 

OEE measurement is a very valuable way to measure process productivity, but it is important 

to do it correctly. Measurement needs to focus on measuring the right things towards the 

right production. Therefore, the measurement must be carried out carefully and tailored to 

each measurement object, to that particular process and part of the process. Another of the 

most important things in measuring is interpreting the results. It is not always the intention 

to get the highest possible numbers on the boards, but it is more important to understand 

where the numbers come from and why the numbers on the board show as it is at the moment. 

Understanding the formation of numbers gives us many more opportunities to influence and 

react to improve and streamline the process. 

 

When the use of OEE measurement in elevator machine assembly began to be explored, 

three main research questions had to be addressed. 

 

1)  Does OEE measurement provide reliable data from total productivity? 

- Theoretically, yes. The purpose was to consider the reliability of the 

measurement during one shift and it was found to be reliable. 

- More detailed analyses can only be carried out after a few weeks of the process 

and a comparison can be made between actual results and the measurement. Then 

more detailed information about unplanned breaks and maybe some quality 

issues are available too. 

 

2)  Does the measurement provide added value? 

- Certainly does, as monitoring of individual parts and the overall process become 

easier and clearer. 

 

3)  Can the collected data be transferred to the company’s internal systems in which the 

data is readily available? 

- Data transfer to the system will begin immediately when the meters are found to 

reliable and valid over a longer period of time. 
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Towards this point, it is a good idea to start refining the OEE measurement and further 

verifying the validity of the calculation. 

 

In the word of Henry Ford: “Don't find fault, find a remedy”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



77 

 

LIST OF REFERENCES 

 

 

Arrow Engineering Oy. 2020. Mittaroi OEE-tunnuslukua oikein, [Arrow Engineering Oy 

www-site]. [Referred 1.5.2020] Available: https://blogi.arroweng.fi/opas-oee-mittaroinnin-

ja-sen-hyodyntamisen-yleisimmista-

virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588

312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=27010159

03 

 

Arrow Engineering Oy. 2020. Häiriöitä tuotannossa – Odotusajat kuriin Andon-

menetelmällä, [Arrow Engineering Oy www-site]. [Referred 1.5.2020] Available: 

https://blogi.arroweng.fi/andon-

opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312

768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903 

 

Arrow Engineering Oy. 2020. SMED-menetelmällä nopeammat tuote vaihdot, [Arrow 

Engineering Oy www-site]. [Referred 1.5.2020] Available: https://blogi.arroweng.fi/smed-

menetelmalla-nopeammat-tuotevaihdot-

opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312

768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903 

 

Cloelebechec, 2020. Toyota Formula 1 and SMED. [The blog of Logistics at MGEPS at 

UPV www-site] Updated 04.05.2020. [Referred 23.10.2020] Available: [Referred 1.5.2020] 

Available: https://logisticsmgepsupv.wordpress.com/author/chloelebechec/ 

 

De Ron, A. J. & Rooda, J. E. 2006, OEE and equipment effectiveness: an evaluation, 

International Journal of Production Research, Vol. 44, No. 23, 1 December 2006, 4987–5003 

[Online material]. [Referred 1.5.2020] Available: 

https://www.researchgate.net/publication/245331067_OEE_and_equipment_effectiveness_

An_evaluation 

 

https://blogi.arroweng.fi/opas-oee-mittaroinnin-ja-sen-hyodyntamisen-yleisimmista-virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/opas-oee-mittaroinnin-ja-sen-hyodyntamisen-yleisimmista-virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/opas-oee-mittaroinnin-ja-sen-hyodyntamisen-yleisimmista-virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/opas-oee-mittaroinnin-ja-sen-hyodyntamisen-yleisimmista-virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/opas-oee-mittaroinnin-ja-sen-hyodyntamisen-yleisimmista-virheista?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/andon-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/andon-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/andon-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://logisticsmgepsupv.wordpress.com/author/chloelebechec/
https://www.researchgate.net/publication/245331067_OEE_and_equipment_effectiveness_An_evaluation
https://www.researchgate.net/publication/245331067_OEE_and_equipment_effectiveness_An_evaluation


78 

 

Epicor Software Corporation. 2020. What in Industry 4.0 – the industrial internet of things 

(IIoT)?, [Epicor www-site]. [Referred 23.10.2020] Available: 

https://www.epicor.com/en/resource-center/articles/what-is-industry-4-0/ 

 

Ford, H. & Crowtrher, S. 2008. Today and tomorrow. Reprint edition. Boca Raton, FL: CRC 

Press 288 p. Originally published: Garden City, NY: Doubleday, Page & Company 1926. 

 

iAuditor by Safety Culture Company. 2020. [iAuditor by Safety Culture Company www-

site]. [Referred 29.9.2020] Available:  https://safetyculture.com/topics/6s-lean/ 

 

John, A., Meran, R., Roenpage, O. & Staudter, C. 2008. Six Sigma+Lean Toolset. Springer: 

Verlag Berlin Heidelberg. 315 s. 

 

Kone Oyj. Corporation. 2020. [Kone www-site]. [Referred 5.6.2020] Available: 

https://www.kone.com/en/company/history 

 

Kanbanize Company. 2020. 5 Whys: The Ultimate Root Cause Analysis Tool, [Kanbanize 

www-site]. [Referred 15.8.2020] Available: https://kanbanize.com/lean-

management/improvement/5-whys-analysis-tool 

 

Lokad Company. 2020. ABC analysis (Inventory), [Lokad www-site]. [Referred 15.8.2020] 

Available: https://www.lokad.com/abc-analysis-(inventory)-definition 

 

Nakajima S. 1988, Introduction to TPM - Total Productive Maintenance. Portland, OR: 

Productivity Press Inc. 129 p. Originally published as TPM Nyumon by the Japan Institute 

for Plant Maintenance Tokyo. Copyright © 1984 by Seiichi Nakajima 

 

Novotek Oy. 2020. Miten saada tuotannosta enemmän irti, OEE-tietopaketti, [Novotek Oy 

www-site]. [Referred 1.5.2020] Available: https://www.novotek.com/fi/lataa-oee-opas/ 

 

Oee.com. 2020. OEE pocket Guide [web document]. [Referred 14.06.2020 Available: 

https://www.oee.com/free-oee-tools.html 

 

https://www.epicor.com/en/resource-center/articles/what-is-industry-4-0/
https://safetyculture.com/topics/6s-lean/
https://www.kone.com/en/company/history
https://kanbanize.com/lean-management/improvement/5-whys-analysis-tool
https://kanbanize.com/lean-management/improvement/5-whys-analysis-tool
https://www.lokad.com/abc-analysis-(inventory)-definition
https://www.novotek.com/fi/lataa-oee-opas/
https://www.oee.com/free-oee-tools.html


79 

 

OptimumFX Consulting. 2020. What is OEE, [OptimumFX Consulting www-site]. 

[Referred 1.5.2020] Available: https://academy.optimumfx.com/what-is-oee/#.Xq0w85lS-

Uk 

 

Pinja Oy. 2020. 4 Askelta kohti Lean-tuotantoa, [Pinja Oy www-site]. [Referred 5.6.2020] 

Available: https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-

opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312

768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903 

 

Pomorski, T. R. 2004, Total Productive Maintenance (TPM) Concepts and Literature 

Review. Principal Consulting Engineer Brooks Automation, Inc., April 30, 2004. 110 p. 

 

Trout, J. 2020, SMED: What it is and why. [Reliable Plant www-site]. [Referred 23.10.2020] 

Available: https://www.reliableplant.com/Read/14965/smed-quick-changeover-program 

 

Quality KnowHow Karjalainen Oy. 2020. Lean Six Sigma DMAIC [Quality KnowHow 

Karjalainen Oy www-site]. [Referred 29.9.2020] Available:  

http://www.sixsigma.fi/index.php/fi/six-sigma/dmaic/ 

 

Vergence Business Associates - Manufacturing Consultants. 2020. [Versalytics www-site]. 

Referred. [01.08.2020] Available: https://versalytics.org/ 

 

 

 

 

 

 

 

 

 

https://academy.optimumfx.com/what-is-oee/#.Xq0w85lS-Uk
https://academy.optimumfx.com/what-is-oee/#.Xq0w85lS-Uk
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://blogi.arroweng.fi/smed-menetelmalla-nopeammat-tuotevaihdot-opas?__hstc=242944413.b7228183972d282042e148c622bbbf22.1588312768900.1588312768900.1588312768900.1&__hssc=242944413.2.1588312768900&__hsfp=2701015903
https://www.reliableplant.com/Read/14965/smed-quick-changeover-program
http://www.sixsigma.fi/index.php/fi/six-sigma/dmaic/
https://versalytics.org/


 

 

APPENDIX I 

Flowchart 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX II,1 

Shift-specific OEE table. 

 

 

 

 

 

 

 

 

 

 

 



 

 

     APPENDIX II, 2 

Results hour by hour. 

 

 

 

 



 

 

APPENDIX II, 3 

One shift, hour-by-hour summary. 

 

 

 

 

 

 

 

 

 



 

 

 

APPENDIX II, 4 

Diagrams for one shift, hour-by-hour and overall OEE per shift. 

 

 



 

 

APPENDIX III,1 

Master data OEE table 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX III,1 

Master data OEE table results 

 

 

 

 



 

 

APPENDIX IV 

Master data table: Week and shift summary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX V 

Master data table: Assembly line, Component1 type and Assembly1 type. 

 

 

 



 

 

APPENDIX VI,1 

Diagrams from Master Data table. 

All day summary. 

 

All shifts summary. 

 



 

 

APPENDIX VI,2 

Production line summary.  

 

Component1 type summary. 

 



 

 

APPENDIX VI,3 

Assembly1 type summary. 

 

 

 

 


