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Abstract 

The main purpose of this study is to analyze the implementation of an operating TDM 

(Tool Data Management) system regarding the implementation process and requirements 

concerning visibility and traceability.  A second purpose is to analyze how other 

comparable systems meet the requirements in order to form a recommendation for the 

focal production unit. 

For this report a literature study have been carried out, along with interviews for a better 

understanding about the company. The literature study resulted in a comparison table, a 

table that show similarities visually since the systems are so much alike. Comparison 

tables are also created for the automated identification and data collection technology to 

visually show similarities. From the literature study and the comparison table it was 

possible to present a result towards Gimo Tools showing how their chosen systems stands 

in comparison with other similar systems.  

The thesis is written towards Gimo Tools to cover their wish regarding visibility and 

traceability of tools. They had earlier started implementation of a system that should be 

able to cover their wish in the sense of Industry 4.0. A system that should have the 

capacity to offer them exactly what they want in visibility and traceability. Unfortunately 

the implementation did not fall out positively and was stagnant. As the main purpose with 

this thesis is to analyze how the implementation of an operating TDM (Tool Data 

Management) system is carried out, regarding the implementation process and how 

requirements such as visibility and traceability are covered. And how different needs with 

manufacturing can be covered, Gimo Tools are also given input on the implementation 

for the chosen system with recommendations. The thesis answer the question which 

challenges that lies in implementation, with support from the literature and with 

information from Gimo Tools this study can note to some extent that it is questionable if 

Gimo Tools knew their own needs before implementation of the system. Some problems 

detected in the implementation should for example have been identified as potential 

problems and dealt with before implementation began.  

 

For this thesis several digital systems within the Industry 4.0 field are presented along 

with technology for automated identification and data collection for the capability of 

doing a comparison between the system that Gimo Tools have started implemented and 

other similar systems. The study shows that TDM system, the system that Gimo Tools 

have chosen for implementation have full capability to meet requirements of Industry 4.0 

like real time networking, wireless communication, gathering / sharing data information 



   

and offer both visibility and tracking. With the second purpose of this report being to 

analyze comparable systems to see how and if they meet the requirements this is covered 

in this thesis. As the study show that with the ability to collaborate and gather information 

in real time all presented systems have the ability to cover the needs regarding visibility 

and traceability set out by Gimo Tools. This is further presented with a comparison table 

in the thesis. 
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1 Introduction 

In this chapter the report background, purpose of the report, research questions and 

limitations of the report are presented. 

1.1 Background 

Industry 4.0 refers to automated systems that enable connections of the operations from 

physical reality with computing and communication through networking (Drath & Horch, 

2014; Jazdi, 2014; Scheuermann et al., 2015). Industry 4.0 and shop floor logistics offers 

industrial automation that through networking offer innovation (Drath & Horch, 2014; 

Ihsan & Landeghem, 2011; Jazdi, 2014). With more techniques it is possible to follow 

objects in the manufacturing process in real time, also known as shop floor logistics 

(Ihsan & Landeghem, 2011). Offering new channels for communication that makes it 

possible to monitor and control physical processes, bridging the virtual and physical 

world to improve efficiency, productivity, workflow, operational safety and reduce cost 

within factory environments (Ihsan & Landeghem, 2011; Scheuermann et al., 2015; 

Vezzetti, 2009). With the fourth revolution of the industry more and more internet 

technologies would be introduced within companies (Drath & Horch, 2014). 

Technologies that offer more flexible solutions for workers with their choices of tools to 

meet future challenges (Drath & Horch, 2014; TDM, 2016). Systems for traceability and 

visibility that can manage tool usage make it possible to answer questions like where a 

tool is at a specific time, and also matching tools with production so that the right tool 

will be at the right place at the right time (TDM, 2016). But systems need to be 

implemented for their ability to function (Laudon & Laudon, 2004; Rogers, 2010). 

Sometimes implementation is harder than thought therefore an implementation plan is 

needed so that nothing is overlooked (Laudon & Laudon, 2004; Rogers, 2010; Tidd & 

Bessant, 2014). It is also important that new ideas have had the time to develop before 

implementation (Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 2010). 

 

Something that is missing in today's research is a compilation of available methods / 

systems that can collaborate in the sense of industry 4.0 and collect data information in 

real time. A compilation is done to be able to compare the systems, the comparison can 

then be used to see which system that offer the best solution for the manufacturing type in 

mind. The report will also present an idea of how implementation of new technology 

should be done. Since implementation is never easy it is of interest to gather information 

of how an implementation can go smoothly and also to see if there was anything that 

Gimo Tools could have done to improve the implementation in advance.  
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1.2 Purpose 

The main purpose with this study is to analyze the implementation of an operating TDM 

(Tool Data Management) system regarding the implementation process and requirements 

concerning visibility and traceability.  A second purpose is to analyze how other 

comparable systems meet the requirements in order to form a recommendation for the 

focal production unit. 

1.3 Research questions 

Working towards an assigned company the questions are presented so that both my 

faculty and the assigned company will be satisfied with the report and findings. 

 How could TDM system meet the requirements of visibility and traceability? 

 What are the challenges when implementing a TDM system? 

 How are differences in manufacturing (volume and variety) met by TDM and 

similar systems? 

 What would be recommended for the focal company? 

1.4 Limitations 

In this report only the systems named in the found articles will be mentioned and 

compared, all eventual additional systems that exist will not be mentioned in this report. 

With production at Gimo Tools in mind four factors for comparison was chosen for the 

comparison table. It is possible that Gimo Tools would have chosen different factors, but 

seen to their production quantity, flexibility in tools offered, complexity of production 

and variety of tools manufactured these factors seemed most suited. If other factors would 

have been chosen this could affect the outcome of the report. Time was also a major 

limitation of this thesis since a 10 week window was provided for the entire work. It is 

possible to think that both time and the fact that interviews were conducted during 

visitations affected the number of interviews done towards the focal company.  

1.5 Ethical and Societal aspects 

For ethical reasons Gimo Tools have been offered to remain anonymous in this report, 

but declined that offer since no company secrets have been shared. Further have the 

named personnel been given the choice to remain anonymous in this report, also for 

ethical reasons but declined. The author has taken the liberty of only naming contributing 

personnel in the preface to still offer some form of anonymity. Since their information 
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have been compiled and no references been made to single sayings from individual 

persons it felt like the most ethical option. No records have been conducted during 

interviews why this was never an issue and both interviewed personnel as well as 

responsible persons from both Sandvik Machining and Solutions and Gimo Tools have 

been provided with the report for their possibility to make comments and leave their 

consent. 
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2 Method 

In this chapter the different methods that have been used in this report is presented 

and how the method have been used to compile the actual report with consideration 

to reliability, validity and generalization. 

2.1 Gathering facts 

There are different methods available to collect information and facts in a relevant way. 

Andersen (1994) present three different methods, Document studies, observations, Query 

methods. Chosen method depends on what is going to be investigated and how the 

investigation are going to be carried out. Different factors can affect the chosen methods, 

these are purpose, questions, empirical material and available time and resources 

(Andersen, 1994).  

2.1.1 Document studies 

A document study aims to study oral, handwritten or printed reports, for example 

protocol from meetings, contract and information sheets. This method is often used when 

there are limited possibilities to examine what has been in the past. Characteristics of 

weakness with document studies are that the material is solid from the start and cannot be 

controlled (Andersen, 1994). In this report document studies have been used to present 

the present situation at Gimo Tools and their logistics flow. Document studies have also 

been used to present the tool administration system offered by Sandvik Coromant, which 

also offering the tool cabinet that is to be implemented. 

2.1.1.1 Gimo Tools Presentation 

A presentation about Gimoverken, their products and machines, presenting the 

throughput for products and scrap volume e.g.. Also visible structure of the personnel at 

Gimo Tools in the different production areas. An introduction to their sustainability work 

along with their vision, to be the world’s best factory. This document have been used to 

present the current situation at Gimo Tools and difficulties they face. 

2.1.1.2 Presentation AutoTAS 

How tools can be administrated with the Sandvik Coromant tool AutoTAS. Presentation 

of functions in the tool and information about the possibility to generate reports with the 

administration tool. From AutoTas administration, Gimo Tools have been presented a 

tool cabinet that they will have implemented to the fall of 2016. The tool cabinet 
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presented are in line with where Gimo Tools want to be in the future with higher visibility 

of their tools and the document helped with explaining the future picture of Gimo Tools. 

2.1.1.3 Logistics flow of tools for Gimo Tools 

Presentation of the current flow of tools at Gimo Tools, both regarding tools bought from 

Sandvik Coromant and tools that they purchase from external partners and are brought in 

through central supply. Here they also present where they would like to be in the future, 

how they expect the flow of tools to move from supply areas to machines and later on to 

regrinding or scrap. The document have been used to present to current situation along 

with future goals. 

2.1.1.4 UserDay2014-seco-GRO_V5 

Power point presentation regarding TDM system, user features and technological 

features. How storage is supposed to be handled and how information are gathered in an 

automated way. Also describing how TDM is supposed to cooperate with RFID. The 

presentation is used to present TDM in chapter 4.  

2.1.2  Observation 

There are two different methods of observations, it can either be participating 

observations or non-participating observations (Andersen, 1994). One of the advantages 

with participating observations is the possibility to really go deep understanding the 

underlying reasons that otherwise can be misunderstood (Ejvegård, 2003). With a non-

participating observation the researcher observe without participating in activities and 

without communication, so the observed object does not know they are being observed 

(Andersen, 1994). With non-participating observations there are less risk that the observer 

affect the situation and that the observed object react in a different way than they usually 

would since they do not know that they are observed (Andersen, 1994). It is impossible to 

say in advance what the observation study will lead up to since it is impossible to say if 

the information that is possible to see will be relevant or not (Ejvegård, 2003).  

2.1.2.1 Observation at Gimo Tools 

In this thesis work there have been a mix between participating and non-participating 

observations, but mainly non-participating observations. One participating observation 

have been done where the author have been in place at the factory in Gimo and observed 

how the tools are rigged in the machines and how they use the floor storage. This part of 

observations have been participating since the author had the chance to ask questions on 

how the job was conducted during personnel actions. But for the most part they have been 

totally non-participating because tools is not changed that often once they are rigged in 
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the machine and the author have been on the shop floor just looking at the machines and 

personnel at work. 

2.1.3  Query methods 

This method aiming towards asking one or several questions to one or more persons, 

these questions can be either oral (interviews) or in writing (questionnaires). Regardless if 

the questions is in oral or in writing they should be relevant and also directed to persons 

inducted in the subject that are going to be researched (Andersen, 1994). 

 

An interview are a direct communication between the interviewer and the person that are 

going to be interviewed (Carlsson, 1990). The differences with an interview and an 

ordinary conversation is that the scientific interview always got a defined purpose, which 

is to provide the interviewer with a determined type of information (Carlsson, 1990). The 

benefits with an interview is that the response rate is higher, potential misunderstandings 

can be solved much easier when the person that are being interviewed can express 

themselves freely and are free to explain the situation in an more nuanced way (Carlsson, 

1990). Disadvantages with interviews are higher cost and the problem with anonymity 

that is much easier with questionnaires (Carlsson, 1990). When conducted an interview 

there are some things that the interviewer should be aware of, for example the type of 

interview that should be chosen (Andersen, 1994). There are standardized interviews 

where the questions and in which order the questions will follow are decided in advance, 

so that the interview will look the same for all people that are interviewed. While there 

with an unstandardized interview is possible to change the questions and the order of the 

questions to better suit the situation and the person that are being interviewed (Andersen, 

1994). There are also structured and non-structured interviews, where structured 

interviews have limited alternative for answers. And non-structured interviews let the 

person that are being interviewed answered freely based on their own way of seeing 

things, experience and language habits (Andersen, 1994).  

Found below are how the interviews have been conducted towards Gimo Tools. 

2.1.3.1 Interviews at Gimo Tools 

The author have conducted several interviews at Gimo Tools, and they have all been 

unstandardized and unstructured. Since the author had to get to know the process of Gimo 

Tools and did not know anything in advance there was not possible to standardize the 

interview questions. Neither do the author think that the process should have been able to 

get to known and later presented in the way it is presented, if limitations would have been 

made in the questions and interview answers. In this thesis work, since the author did not 
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know the processes well enough, it would not have been possible with limitations. 

Neither do the author believe that it would have been possible to structure the interviews 

in any way since the process was not known in advance. Therefore all interviews have 

been performed without any plan but with a clear goal to understand the process. 

Interviews have been conducted with Mikael Herdin, Johan Norén, Lina Holmgren and 

Christian Leser that have explain the current situation, processes and future goals. 

Interviews has also been conducted with personnel on the shop floor to get a better 

understanding for what they think of tool withdraws from storage and obstacles with this. 

No recording have been conducted during interviews, instead all answers that have been 

useful to get to known the process have been written down. 

2.1.4 Literature studies 

Literature studies has a theoretical approach that will be used in this report, also a 

deductive approach will be used (Remenyi, 2010). The prime purpose with literature 

studies is to collect known theories and inspiration that supports the proposed solutions to 

be able to answer the research questions (Carlsson, 1990; Remenyi, 2010). When 

gathering relevant literature the author (researcher) should go from general literature to 

subject-specific and from the newest to the oldest (Andersen, 1994).  

For this report literature studies have been conducted to collect information about known 

systems, the found literature have then been used to answer the research questions in this 

report as described below. 

2.1.4.1 Literature relevant to Gimo Tools 

Literature have been used to gain more information in the subject and for the ability to 

answer the questions in this report. For that course literature from prior courses have been 

one part. But mostly subject-specific literature have been gathered through the library at 

Högskolan in Gävle, where the search phrases have been;  

 Traceability tool 

 Traceability manufacturing chain 

 Shop floor logistics 

 Tool data lifecycle 

 Tool Lifecycle Management 

 Industry 4.0 

The literature are presented and summarized in chapter 4 for the ability to answer the 

research questions. 
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2.1.5 Grading and comparison table 

Comparison deals with topics that are similar, comparing two or more things where the 

differences are displayed for examination possibilities (Heidenheimer et al., 1983; Jones, 

1985). With comparison it is conceivably to show inherent similarities, without any strict 

format to follow if the author just making sure that a comparison is made (Heidenheimer 

et al., 1983). Comparison have the capability to handle any notable subjects such as 

abstract theories, concrete objects, intangible phenomena etc. (Heidenheimer et al., 1983; 

Jones, 1985). This capability to handle great variety offers a great flexibility, yet the 

comparison need to answer to potential research lacks (Deutsch, 1987; Jones, 1985). 

Comparative research does not investigate grand theories in general, instead it is used to 

compare middle range theories that does not purport to describe system in its entirety but 

a subset of it (Deutsch, 1987).  

In this report two main comparison tables will be presented, the first table will show 

similarities between presented systems. The second table will show the mapping of 

systems, scaled 1 to 5 compared to production at Gimo Tools. For the first table 

comparison, see Figure 6 and Figure 7 the emphasis was to show similarities between the 

different systems and automated identification and data collection technology. Based on 

their capability to handle networking in real time, wireless data transfer, capability to 

gather data information, the capability to share data information and their capability to 

offer visibility and tracking technology. In these tables the author chosen to mark 

similarities with an ‘x’, since the similarity itself was more important than the grade of 

similarity. For the second table model, see Figure 11 and Figure 12, five comparative 

factors were chosen based on the production at Gimo Tools. Based on how the systems 

can handle volume, flexibility, complexity and variety with production and still provide 

capability to gather and transfer data that is the core for visibility and traceability. Based 

on the information in literature the systems were giving a grade, 1-5 on how well they 

will manage. Where 1 being very bad and 5 being very good and the best choice based on 

the factors.  

2.2 S-shaped diffusion curve 

Diffusion of innovation, a theory that seeks to explain growth rate of new ideas and 

technology also known as innovations (Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 

2004; Rogers, 2010; Tidd & Bessant, 2014). How, why and with what rate this new ideas 

and technology spread (Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 

2010; Strang & Soule, 1998). In late 19th century the concept of diffusion was studied in 
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France the study of diffusion of innovation later took off in 1920-1930s (Ghosal & 

Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 2010; Strang & Soule, 1998). The 

theory was then popularized in a book ‘Diffusions of Innovation’ published 1962 by 

Everett Rogers where it is proposed that new ideas is influenced by four main elements; 

the innovation itself, channels for communication, time and social systems (1a). For the 

innovation to self-sustain it need to be widely adopted (Ghosal & Bartlett, 1988; 

Kinnunen, 1996; Meyer, 2004; Rogers, 2010; Strang & Soule, 1998). Rogers present five 

categories of adopters; innovators themselves, early adopters, early majority, late majority 

and laggards (Rogers, 2010). With the different definitions; (1) Innovation – A broad 

category where any idea, practice or object that is perceived as new. (2) Adopters – Most 

often individuals but can also be organizations and have minimal unit of analysis. (3) 

Communication channels – Diffusion take place among people or organizations and 

channels for communication allow information transfer, which is a minimum for 

diffusion to occur. (4) Time – For innovations to be adopted time is necessary to pass, 

they are rarely adopted instantaneously. (5) Social system – Is a combination of external 

and internal influences (mass media, social relationship for example). The combination of 

roles in social systems represent the total influences on a potential adopter (Ghosal & 

Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 2010; Strang & Soule, 1998). The 

criteria for this categorization of adopters is innovativeness defined as the degree to 

which an individual adopts a new idea (Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 

2004; Rogers, 2010; Strang & Soule, 1998). Diffusion on innovation is normally 

described with an S-shaped curve, see Figure 1. Which assumes a homogeneous 

population of potential adopters so that innovation can spread by information and 

communication by two types of adopters (Tidd & Bessant, 2014). Individual independent 

adopters that is mostly influenced by personal, private assessment and trials and then 

comes later adopters that is more influenced by interpersonal communication, social 

media and mass-marketing (Tidd & Bessant, 2014). The combination of the two types of 

adopters produce a skewed S-curve with innovators as early adopters, and as the number 

of adopters then reaches a certain threshold level the innovation benefits from it and the 

subsequent number of adopters increases (Tidd & Bessant, 2014). 
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Figure 1, S-shaped diffusion curve Rogers, 2010, pp. 11; Tidd & Bessant, 2014, pp. 228 

 

2.3 Quality Criteria 

Criteria’s that in a high grade decide the quality of a study consist of concept like 

reliability, validation and generalizability (Andersen, 1994). 

2.3.1 Reliability 

Reliability is reached when results from testing and measurements are the same with 

repeated tries (Andersen, 1994; Remenyi et al., 2010). Observations or measurements 

done in the research are consistent and stable (Remenyi et al., 2010). 

The reliability of this report is reached from the detailed information given about where 

literature have been found and which literature that formed the basis of the comparison 

tables. Since the table was created from literature it should be possible to recreate it using 

the same literature. Interviews and company description that have been the basis of the 

current situation of Gimo Tools have been presented in detail for the possibility to use 

that information in another study with high reliability. On the other hand since all 

interviews used in this study were unstructured it is not possible to recreate them and 

even if structured interviews had been carried out it is more likely that the answers would 

change. So reliability of the interviews are not so high if someone should try to recreate 

them. Using the interviews in this report would however lead to the same result and 

therefore have strong reliability, literature finding have high reliability in them self since 

it is thoroughly defined how literature was found. 
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2.3.2 Validation 

For validation the thing/things that has been observed or measured is the same that was 

purported to be observed or measured and that the results have some form of validity that 

can also be described as authentic (Ejvegård, 2003; Remenyi et al., 2010). High reliability 

with survey results does not mean that the results are validated though (Ejvegård, 2003).  

In this report the validation consist of the presentation of the comparison table showing 

that the things purported to be observed also have been observed. The explanation of how 

the table have been conducted for comparison reinforces the validity of the report 

Validation exist in both the comparison table and the literature study seen to the number 

of sources and references that reinforces each other.  

2.3.3 Generalizability 

To be able to drawn the full value from a study it is not enough to just understand the 

collected data and draw conclusions from it (Olsson & Sörensen, 2007). It is also required 

that the collected data can be seen and investigated from a wider perspective to be able to 

get an overview and a perception of the generalizability (Olsson & Sörensen, 2007). The 

characteristic of the research should be able to apply on other situations for the paper to 

hold generalizability (Remenyi et al., 2010).  

The purpose of the paper is to identify digital solutions that in real time have the ability to 

trace cutting tools in different kinds of production and then compare identified solutions 

with TDM system. With the comparison table conducted from literature it should be 

possible to answer general questions like which system that could be applicable on a 

particular production environment, which gives generalizability to the report when used 

in relation to manufacturing industry. 

2.3.4 Quality Criteria with Gimo Tools 

To reach a high reliability with this thesis all findings have been presented as accurate as 

possible and authors have been presented next to systems in the comparison table. Also 

with the mapping of literature it is possible to gain better understanding since an 

overview is offered. 

2.3.5 Critical review of methodology 

Methods used for this thesis are sufficient to answer the research questions presented. It is 

possible that smaller aspects have been missed through interviews and literature research 

due to the fact that the author misses the necessary background information about Gimo 
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Tools. It is also possible that the information from document studies and Gimo Tools own 

description on where they would like to be in the future made the author follow the wrong 

path. And if the wrong path was chosen it might have made the author to steer the 

interviews in the wrong direction (Holme & Solvang, 1997). It is also possible that the 

non-participating observations made the author miss out on information that could have 

been more thorough if participating observations had been predominant. If structured 

interviews would have been chosen it could have strengthen the reliability of the report 

since the same questions would have been asked. It is however unlikely that the best 

questions would have been chosen, which would have affected the outcome of this report 

in a negative way. As validation goes the things that was purported to be investigated and 

answered is also answered in this report. The author strongly believes that the methods 

chosen for this thesis have been the right one to reach quality, reliability and validation in 

the presented report. And if the report would have been conducted once again it is most 

likely that the same result would have been reached. 
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3 Company description 

This chapter present Gimo Tools, their connection to Sandvik AB. Also presented 

here is Sandvik itself. 

3.1 Sandvik AB 

The company was founded in 1862 by Göran Fredrik Göransson, who was the first in the 

world to successfully use the Bessemer method for steel production in an industrial scale. 

Göransson founded the company in Sandviken where the main plant still is located. 

Operations were early focused on high quality, further research and the strategy has been 

the same over the years where 3 percent of the profit are reinvested every year in research 

and development. Sandvik's business concept is about improving, produce and market 

high-quality products and services that improve customers' productivity and profitability. 

Today, Sandvik has grown into a high-tech engineering company and manufacturer of 

advanced products, which earned them a world-leading position within selected niches 

such as; tool for metalworking, machinery and tools for mining, construction industries, 

stainless materials, special alloys and resistance heating materials and process systems. 

The company has annual sales of around 99 billion and is represented in a total of 130 

different countries where they create employment for about 46 000 employees, around 10 

000 of these jobs are located in Sweden (Sandvik, 2016; Fagerfjäll, 2012). 

 

Sandvik's business concept is to develop, manufacture and market high-tech products and 

services that improve customers' productivity and profitability. Sandvik Group conducts 

operations in five business areas, see Figure 2, with joint responsibility for research and 

development (Sandvik, 2016): 

 Sandvik Mining: Business area within Sandvik and world leading supplier of 

carbide tools, machines and technical solutions for the mining industry.  

 Sandvik Machining Solutions: Business area where the manufacturing of tools 

and tool system for metal cutting are in center. Manufactured products are hard 

materials like diamond and special kinds of ceramics, inorganic non-metallic 

materials. 

 Sandvik Materials Technology: World leading manufacturer of high quality 

products made of stainless steel, metallic and ceramic resistance materials within 

tube, stripe, wirer and heating Technology.  

 Sandvik Construction: Provide solutions for every application within construction 

industry, areas like quarrying, tunneling, rock excavation, road and railway 
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building, demolition and recycling. The program includes rock tools, machines 

for crushing and screening. 

 Sandvik Venture: Creates opportunities for growth and profitability in attractive 

and growing businesses. The product areas include Sandvik Hard Materials, 

Diamond Innovations, Wolfram, Sandvik Process Systems, Dormer and parts of 

Sandvik MedTech (Sandvik, 2016). 

3.2 Sandvik SMS 

Sandvik Coromant are part of Sandvik Machining Solutions and as a Sandvik concern 

they work according to Sandvik Code of Conduct which include diversity, economic, 

social and environmental responsibility as well as governance. Their future challenges is 

in the ability to react early and quickly on trends in today’s competitive environment. 

Where insight and knowledge about the constant changing world is a real key to business 

success. Where tomorrows challenges need to be realized today to be able to formulate 

strategic roadmaps to find faster ways to the future. Since Coromant see that we are living 

in a time with rapidly digitalization of manufacturing where computers and robots are 

performing the task that previously only was deemed in science fiction they see another 

digital revolution where the pace of change is accelerating. Where the industry needs 

smarter, leaner and agile factories, where faster and reliable decisions are made from 

intelligent data streams (Coromant, 2016). 

3.3 Gimo Tools 

Gimo Tools are part of Sandvik Coromant and they produce 15000 different products 

each year, for which they have a tool cost of 50-60 million SEK, in over 200 machines. 

Their throughput are five days from raw material to finished product, where 

Figure 2, showing the five business areas of Sandvik AB 
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approximately 2% goes back in the supply chain as scrap. With a high sustainability 

thinking where metal shavings from production are sold to be recycled, edges are handled 

internally and sharpen to be used again and cuts are made in energy consumptions to 

reduce impacts on environment. At Gimo Tools they separate the production in two 

factories for hard production and soft production. Where the hard production stands for 

the manufacturing of edge tools and soft production are the holders to the edges. In total 

there are 1200 people employed in these two factories and they are divided in three flow 

lines for the different types of machines; milling lathes and drilling. The two factories 

uses the same central support functions for production (such as maintenance, storage etc.) 

and all products manufactured are transported to the central warehouse in Holland. Where 

they are shipped further as divided components (edges and holders are sold separately, for 

one exception with the drills, where the edges are solder and therefore sold as one 

product) to their customers. Something lacking in today’s production is the capability to 

see stock levels, needs, or manufacturing in a simple way. Today they have a mix of tools 

bought from Sandvik Coromant and external actors and when something is taken out of 

storage they lose track of the tool until it is either reground or sent to scrap. Neither do 

they know which inventory levels they have on the shop floor adjacent to the machines. 

Existing Kanban system that should help them keeping track of tool levels is not reliable 

since the personnel goes around it argue for it not to be user friendly. In simple terms, 

what happens after withdrawn from the central storage is like a black hole where Gimo 

Tools wish for greater transparency with a system for visibility and tracking of objects. 

To cover this desires they installed TDM system that was supposed to cover their needs. 

 

With a vision to be “The world’s best factory” this thesis will handle the visibility and 

traceability of tools used in their machines to manufacture the end products. One part of 

the presentation is to theoretically examine the implementation of TDM and the other to 

present a comparison table with available systems that all have the capability to give 

Gimo Tools visibility and tracking solutions for these tools.  
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4 Traceability and product data management:  

theory and practice 

This chapter present the theory which is the basis for this report, headings are named 

to give clear information about the content. 

4.1 Industry 4.0 

Companies today face the fourth revolution with industrial automated systems that enable 

innovative functionalities through networking and access to the cyber world, that changes 

manufacturing significantly (Jazdi, 2014; Velandia et al., 2016). Where the main goal for 

Industry 4.0 is to emerge digital factories, characterized by the following five features (a-

e); (a) smart networking – where internal logistics systems and operations supplies are 

automated and consistently intermeshed with the help of cyber technology (Jazdi, 2014). 

With smart networking there is also smart actuators and sensors that give a direct access 

to a higher level of processes and services (Jazdi, 2014). (b) Mobility – mobile devices 

such as smartphones or tablets e.g. provide temporally and spatially independent access to 

processes and services of automated systems creating a new dimension of diagnostics, 

maintenance and operation of the automated systems (Jazdi, 2014). (c) Flexibility – 

Industry 4.0 allows high flexibility of development, diagnostics and maintenance as well 

as operations in automated systems (Jazdi, 2014). Being able to choose between suppliers 

to get the best offer regarding components, modules and services and order these 

automatically at the lowest price (Jazdi, 2014). (d) Integration of customers – With 

Industry 4.0 it is possible to customize products to the specific and individual needs of 

customers (Jazdi, 2014). (e) New innovated business models – predictions for future is 

that products will become modular so that customers can configure products so they 

adapt to specific requirement, giving manufacturer new development processes where 

infrastructure and services will arise (Jazdi, 2014).  

4.1.1 Industrial automated systems and the philosophy behind it 

The fourth industrial revolution is often referred to Cyber Physical Systems (CPS) that 

connect the cyber world with the physical world (Drath & Horch, 2014; Jazdi, 2014; 

Scheuermann et al., 2015; Velandia et al., 2016). CPS act as a philosophy and will handle 

the actual manufacturing in the physical world while the manufacturing simultaneously is 

managed in the cyber world with advanced data information in computing and 

communication infrastructures (Babiceanu & Seker, 2016; Jazdi, 2014; Velandia et al., 

2016). CPS in combination with tracking technology can create a factory environment 
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that allows customers to change requirements during manufacturing (Scheuermann et al., 

2015). CPS introduce internet technologies for industries and can also be called Industrial 

Internet, or Internet of Things (IoT), making it possible to network several devices 

together (Drath & Horch, 2014; Jazdi, 2014). Concept of CPS is communication and are 

referring to devices in the organization that will be connected through a network that will 

make data information available, store real time data and make devices searchable (Drath 

& Horch, 2014; Jazdi, 2014; Velandia et al., 2016). Devices in the organization will be 

able to store documents and knowledge about themselves remotely outside the physical 

body and through the network that data/information is accessible from anywhere (Drath 

& Horch, 2014; Jazdi, 2014). Babiceanu and Seker (2016) refers to this storage as a cloud 

storage service calling it manufacturing cyber physical system (M-CPS). The information 

in the cloud are then processed and made available for all registered users (Babiceanu & 

Seker, 2016). CPS is controlled from a central control system that will keep track of all 

information going in, to be able to provide devices in the network with the right output, 

giving manufacturing the ability to run smoother (Drath & Horch, 2014; Jazdi, 2014). In 

the system each component and/or product will get their own identity with sensors for 

negotiation with each other, they can also be interconnected and simulated (Drath & 

Horch, 2014; Babiceanu & Seker, 2016). Internet of things (IoT) can be described as a 

concept where objects in the physical world and sensors within or attached to objects in 

this concept are connected to internet with or without wire (Babiceanu & Seker, 2016). 

IoT is expected to connect physical devices such as sensors, actuators, RFID tags/readers, 

GPS units to be able to collect, receive and transmit data information through the cloud 

cyber infrastructure as a worldwide network of uniquely addressable interconnected 

objects (Babiceanu & Seker, 2016; Barchetti et al., 2010; Velandia et al., 2016). One of 

the benefits with IoT is the visibility of manufacturing operations and visibility of 

products through the supply chain with possibility to collect relevant information that will 

be useful in manufacturing (Babiceanu & Seker, 2016; Barchetti et al., 2010; Luo et al., 

2015; Velandia et al., 2016). Information that will help improve efficiency, automation of 

workflow, optimization of energy consumption, improve preventative maintenance and 

real time information exchange among manufacturing and across supply chain 

(Babiceanu & Seker, 2016; Barchetti et al., 2010; Luo et al., 2015). Ubiquitous 

manufacturing (UM) is a system based on wireless sensor networking, facilitated to 

achieve automated data collection and real time processing of data information for the 

manufacturing process (Chen & Tsai, 2016; Luo et al., 2015). Focusing on information 

transparency, autonomous control and manufacturing that is sustainable (Scheuermann et 

al., 2015). UM is a suitable technology for a total solution regarding software engaging 

where computing is made to appear everywhere and anywhere making it possible to work 
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from anyplace in an paperless working environment (Chen & Tsai, 2016; Luo et al., 

2016; Zhang et al., 2011). Ubiquitous manufacturing emerge as an advanced 

manufacturing technology relaying mainly on wireless smart objects with automated 

identification technology for collection and synchronization of real time field data from 

manufacturing shop floor (Chen & Tsai, 2016; Zhang et al., 2011). With computer 

technology such as CPS etc. production and organizations will be vulnerable for attacks 

through cyber-space and the cybersecurity will therefore be important (Babiceanu & 

Seker, 2016). As a rapidly growing field, cybersecurity is set out to protect data 

information through firewalls, intrusion detection systems (Babiceanu & Seker, 2016). 

Another challenge and task regarding security in the terms of industry 4.0 is that the data 

information must be reliable and data protection guaranteed, to ensure that companies 

own “know-how” data and privacy are protected and unaffected in the network (Jazdi, 

2014). 

4.2 Visibility and Traceability 

Traceability means recording manufacturing information from history regarding raw 

material, machines, tools, storage and condition of the object (Campos & Miguez, 2011; 

Kang & Lee, 2013; Karlsen et al., 2013). The ability to trace the history, application or 

location of an object by individual identification where data information have been 

recorded gives the traceability (Campos & Miguez, 2011; 20; Kang & Lee, 2013). 

Standard CNC programming language have had limited traceability which gives that new 

ISO standards are developed to provide data for new intelligent CNC programming 

(STEP-NC). With STEP-NC a higher content of information are available for CNC 

machining, describing not only how a piece should be made but also what to make 

(Campos & Miguez, 2011). Transferring information between CAD and CAM 

programming system and computerized numerical controllers (Campos & Miguez, 2011). 

It is capable with STEP-NC to cover geometric information such as workpiece, 

tolerances, tool path e.g... Along with control structures for the execution of the work 

plan, with technical information like data for milling and tools to be used for milling the 

object (Campos & Miguez, 2011). Activities for traceability like configuration 

requirements, set-ups, data access, storage of data and data analysis can be integrated into 

STEP-CN for collaboration with CAD/CAM/CNC chains (Campos & Miguez, 2011). For 

tracking and traceability to be achieved for products and processes, information must be 

recorded in a systematic way for the ability to retrieve information on the finished 

products (Karlsen et al., 2013). Increasing manufacturing requirement such as strict 

deadlines, inventory and standardization, product diversity, security aspects and uncertain 
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demands increases the control of production process from the manufacturer (Babiceanu & 

Seker, 2016). Visibility requirement will give better control of the production process 

(Babiceanu & Seker, 2016). The visibility requirement can be achieved with sensor and 

communication technology, where linkage can be done between the cyber and physical 

world (Babiceanu & Seker, 2016). Zhang et al. (2011) argues for that ubiquitous 

manufacturing with the usage of RFID enable real time traceability, visibility and 

interoperability that improve the performance of shop floor planning, execution of 

processes and control of the same. Chen and Tsai (2016) reinforces this saying, defining 

UM as a wireless network that when using RFID tags and receivers can collect, 

synchronize and/or process manufacturing data information in real time. RFID 

technology is therefore primarily promoted to improve the efficiency of logistics 

operations at different stages at manufacturing (Zhang et al., 2011).  

4.2.1 Automatic Identification and data collection technology 

To be able to collect the amount of information that will be supplied in the system, an 

automated identification technology will be eligible (Barchetti et al., 2010). There are 

according to literature two main branches of automated identification technology, the first 

one is the barcode system that have limitations such as line of sight to be read, short read 

range and inability to read barcodes in bulk e.g. (Barchetti et al., 2010; Lee et al., 2013; 

Sardroud, 2012). These limitations are the same for both traditional barcodes and 2D 

barcodes that have been developed from traditional barcodes (Barchetti et al., 2010; Lee 

et al., 2013). The second one is RFID tags that in contradiction to barcodes have the 

ability to be read without free line of sight, can be read on a long distance and multiple 

tags can be read simultaneously (Barchetti et al., 2010; Lee et al., 2013; Sardroud, 2012). 

Traditional barcodes have the potential to cover a simpler supply chain system since they 

have a tag life of approximately ten days, while RFID has the potential to provide 

continuous tracking in the supply chain with a tag life of ten years (Lee et al., 2013). 

Barcodes are more suitable for visual confirmation and packaging while RFID are 

consider to be the next generation of barcode technology since they are more advanced 

(Lee et al., 2013). To obtain a complete traceability with traditional barcode or 2D 

barcodes seems impossible since they do not have a life time that is long enough and 

cannot keep enough information data in them (Barchetti et al., 2010; Lee et al., 2013; Qu 

et al., 2012; Velandia et al., 2016). With RFID traceability and visibility on the shop floor 

is enabled, of both man, machines and materials, the ability to vision and trace objects is 

a key to reduce uncertain disturbances in production such as plans and schedules for 

better planning and scheduling of production (Chen & Tsai, 2016; Dai et al., 2012; Qu et 

al., 2012; Sardroud, 2012). According to Luo et al. (2015) RFID tags provide the most 
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rapid and accurate automated data information capturing of operations in real time from 

the shop floor. When RFID tags are attached to key objects in the production it enable 

automated real time status and make it possible to consider production plans on the shop 

floor and to dynamically adjust production plans (Chen & Tsai, 2016; Dai et al., 2012; 

Lee et al., 2013; Qu et al., 2012). Keeping track of machine availability, work in progress 

(WIP) levels in particular for the possibility to make dynamic decisions and the 

connection to internet also make it possible to see which machine that is used in which 

factory in the sense  of Industry 4.0 (Chen & Tsai, 2016; Qu et al., 2012). Automated 

identification and data collection allow various participants to collaborate in an easy way 

to effectively use and monitor collected information from different management aims 

turning it into meaningful information (Lee et al., 2013; Luo et al., 2015; Qu et al., 2012). 

With automated identification and data collecting shop floor activities become visible, 

“what you see is what you do and what you do is what you see” (Luo et al., 2015). 

Objects are made smart by equipping them with automated identification technology 

devices, and when these smart objects interact with each other they create an intelligent 

ambience (Qu et al., 2012; Zhang et al., 2011). Smart objects can achieve one or more 

functions such as; sensing (detecting) identity, interact, decide and act on the data shared 

between them (Qu et al., 2012; Zhang et al., 2011). Choosing RFID there are three kinds 

of tagging to choose between, (a) low frequency (LF), (b) high frequency (HF) and (c) 

ultra-high frequency (UHF) (Dai et al., 2012). Another consideration to take into account 

are if tags should be Direct Tagged Material (DTM), where the tagged is physically 

attached direct to the material (Lee et al., 2013). Or go with Indirect Tagged Material 

(ITM), where tags are attached to either vehicles, pallets or packages (Lee et al., 2013). 

The implementation of RFID enables shop floor visibility and reduce uncertainties in the 

real time scheduling for production (Luo et al., 2015). Regardless if manufacturer chose 

barcode technology or RFID tags these need to be individually put on each component 

that are to be identified (Chen & Tsai, 2016; Dai et al., 2012; Lee et al., 2013).  

4.2.1.1 Limitations with RFID that can be avoided 

If RFID is chosen for automated identification and data collection the company should be 

aware about that RF energy can be absorbed in environments with liquids and metals, 

absorbance that will have influence on the performance (Barchetti et al., 2010). It is 

therefore crucial to choose the right RFID type from the known three types (Dai et al., 

2012). High frequency (HF) RFID tags are the cheapest but least suitable in production 

environment where there is metal and liquids present (Dai et al., 2012). Ultra-High 

Frequency (UHF) is the type that is most suitable for production environment, but that 

method is often considered to be too expensive (Dai et al., 2012). The last type Low 
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frequency (LF) is according to Dai et al. (2012) the best, since it is less subjected to 

environmental interference than HF. LF RFID tags are cheaper than UHF tags but not as 

affected to production environment, why they should be the natural choice, see Figure 3 

(Dai et al., 2012). 

 

Figure 3, Radio Frequency Identification (Grossmann, 2014, pp. 21) 

4.3 TDM system 

TDM is a software for managing tool data in the machining field that offers solutions and 

services for the entire lifecycle of tool data information and is the Sandvik group’s 

competence center for Tool Data Management (Mücke, 2016; TDM, 2016). The software 

is on its fourth generation and is used worldwide contributing to optimized planning and 

provisioning of cutting tools creating and editing tool data and graphics (TDM, 2016). 

TDM system have been offering successful software and solutions in the Tool Data 

Management area for 25 years, and have 1 300 customers worldwide today where 10 500 

users have access to their software (TDM, 2016). The system have an expertise on 

integrating tool into CAM-planning to organize the complete tool circulation as 

comprehensive Tool Lifecycle Management (TLM). TDM encompasses resources at 

every stage of manufacturing, from simulation of which tool to use and preparation of the 

order, see Figure 4. Through production on the shop floor which include storage and 

maintenance (Mücke, 2016; TDM, 2016). TDM act as a central link between different 

manufacturing systems, such as enterprise resource planning (ERP), product lifecycle 

management (PLM) and manufacturing execution systems (MES), ensuring smooth 

communication for planning and production systems (Mücke, 2016; TDM, 2016).  
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Figure 4, showing connections between different areas. Mücke, 2016, pp. 2 

TDM systematizes data information for tools, jigs and fixtures along with measurements, 

inspection equipment, setting up and clamping fixtures (TDM, 2016). Since 2014 TDM 

system have built a strategy for their IT environment that goes in line with Industry 4.0 

where TDM is capable of answering questions like; which tool is at a specific location at 

a specific time, inventories, which tool that should be prepared to which order and which 

tool that should be used with this machining operations and if there is alternatives (TDM, 

2016). To be able to do that TDM uses either barcode technology or RFID, with 

traditional barcodes and 2D barcodes it is possible to identify tools (Grossmann, 2014). 

RFID on the other hand gives the possibility to both identify tools and to store data 

information about tools (Grossmann, 2014). The benefits with RFID is much greater than 

barcode technology and open op for wider usage with TDM system, where barcode 

technology only have capability to provide a register of tools in storage RFID can provide 

data transmission from the tool to control the machine (Grossmann, 2014). RFID is 

attached with a coil that is mounted on the tool holder, which has an electromagnetic field 

and constantly emit signals, see Figure 5 (Grossmann, 2014). The integrated circuit of the 

transponder supply energy (which give a passive data carrier that does not require a 

battery) and offer communication between read / write head and the transponder, Figure 

5, (Grossmann, 2014). The communication efficiency storage organization and offer both 

identification and data storage (Grossmann, 2014). By mounting the coil to the tool 
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holder advantages obtained since the tool holder is identified at all times and the tool can 

be register to the holder at any time (Grossmann, 2014).  

 

Figure 5, Idea of RFID. Grossmann, 2014, pp. 22 

TLM used with TDM is a strategy for production resources to include tool organization in 

all phases of production (TDM, 2016). TLM is about both capturing and providing tool 

data and tool graphics in CAM and simulation processes and about handling the physical 

organization of tool circulation on the shop floor (Grossmann, 2014; TDM, 2016). Even 

though TDM/TLM is oriented towards continuous communication and data exchange 

between involved systems, rather than individual departments and single processes it has 

the capacity to handle both. It can also be configured individually so it is related to only 

one production plant (TDM, 2016). As TDM is a competence center for tool data 

management the system works with manufacturers worldwide and are their contact in 

relation to NC-readiness to tool data and tool graphics customers can benefit from a 

comprehensive tool of ‘know how’ (TDM, 2016). Manufacturers are offered various 

selections on methods with TDM to quickly choose correct tools that are assembled and 

ready to use, displaying alternatives and verify which tools that are available in the crib 

(TDM, 2016). The function within TDM also showing the production planner which tools 

that are available and can be efficiently and flexible scheduled for availability on the shop 

floor level (TDM, 2016). Using a TDM database makes managing tools according to 

items, assemblies and list of tools, where the strength lies in the way data is stored by tool 

type, geometry, feed and speed and cutting material so that the right type of tool is used 

(Mücke, 2016; TDM, 2016). With TDM managers also gets the possibility that from tool 

data stored in the database generate 2D-DFX-graphics and simulation ready 3D-graphics 

(Mücke, 2016; TDM, 2016). Worth mention is that TDM is a neutral system that is open 

to all manufacturers, while it in the same time can be linked to communicate with specific 

systems from planning to construction transferring information data to other systems 

(TDM, 2016). 
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4.3.1 PLM 

Product lifecycle management (PLM) managing a products whole lifecycle, starting from 

idea, concept description, business analyses, product design, solution architecture, 

technical implementation, to successful entrance to the market (Gecevska et al., 2010). 

Where it continues with service maintenance and product improvement (Gecevska et al., 

2010). The philosophy is to provide support to an even broader range of engineering and 

business activities since PLM can gather information data to make it accessible in all 

stages of the process (Gecevska et al., 2010). Enabling real time collaboration and 

information sharing that provide visibility at every stage of the products life time 

(Gecevska et al., 2010). PLM can therefore be used for both execution and decision 

making within an organization (Gecevska et al., 2010).  

4.4 Summary of the above paragraphs 

A summary of the industrial automated systems and automated identification and 

data collection technology. 

4.4.1 Industrial automated systems 

Through literature four automated systems for the industry have been identified, these are 

known as STEP-NC, PLM, TDM and UM and are further presented in Figure 6. CPS, IoT 

and M-CPS all referred to handle the actual manufacturing in the physical world while 

simultaneously manage it in the cyber world but is more to be described as a philosophy 

or a concept to Industry 4.0 (Drath & Horch, 2014; Babiceanu & Seker, 2016; Barchetti 

et al., 2010; Jazdi, 2014; Velandia et al., 2016). Through networking several devices 

together the identified systems can collaborate in gathering and sharing data information 

(Drath & Horch, 2014; Babiceanu & Seker, 2016; Barchetti et al., 2010; Jazdi, 2014; 

Velandia et al., 2016) UM system also gather, store and send data information through a 

network of devices and have the ability to store information remotely (Chen & Tsai, 

2016; Luo et al., 2015; Zhang et al., 2011). While STEP-NC are more towards just CNC 

programming and share information between CNC, CAD and CAM programming for 

collaboration (Campos & Miguez, 2011). TDM and PLM are both system that share 

information in real time through a network for collaboration (Gecevska et al., 2010; 

Grossmann, 2014; TDM, 2016) 
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Figure 6, showing similarities between systems 

4.4.2 Automatic Identification and data collection 

Automated identification and data collection technology is recommended for the amount 

of data information that will be gathered and shared within manufacturing (Barchetti et 

al., 2010). Two main branches have been identified, barcode technology with traditional 

barcodes and 2D barcodes along with RFID technology (Barchetti et al., 2010; Lee et al., 

2013; Sardroud, 2012). Barcode technology comes with limitations that RFID does not 

have, why RFID tags are said to provide the most rapid and accurate automated capturing 

of data information in real time (Barchetti et al., 2010; Lee et al., 2013; Luo et al., 2015; 

Qu et al., 2012; Sardroud, 2012). RFID have limitations in production environment where 

liquids and metal is present, choosing Low frequency RFID tags help with those 

limitations (Barchetti et al., 2010; Dai et al., 2012). Figure 7 showing the differences 

between the automated identification and data collection technology. 
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Figure 7 , Showing differences between the automated identification technologies 

4.5 Implementation of innovations 

Implementation is the realization of an application or the execution of a plan, idea, model, 

standard or policy e.g. (Laudon & Laudon, 2004). Everett Rogers also identified five 

factors for increased effectiveness with implementation (Tidd & Bessant, 2014). Since a 

business plan usually will not be enough for ensuring effective and successful 

commercialization, the suggestion was that by showing relative advantages of solutions 

over previous approaches and compatibility or consistency along with existing values, 

experiences or needs in the business plan should increase the likelihood of 

implementation (Tidd & Bessant, 2014). Laudon and Laudon (2004) also argue for that 

implementations benefits from high levels of user involvement and management support, 

since the reaction to the change is more likely to be positive in that case. Five factors for 

user concerns during implementation is presented by Laudon and Laudon (2004); (1) the 

system should deliver the information that is needed in first hand. (2) If the data is 

quickly accessible, (3) and easily to retrieve, it should also be clarified (4) how much 

support time that is needed to import data in to the system. (5) Users should also be sure 

about that the system operations fits the daily business in the company. The five factors 

that influencing adoption according to Rogers is presented by Tidd and Bessant (2014); 

(1) Relative advantage – the innovation should be better than previous solution and the 

business plan should show how much better off people will be if adopting the innovation. 

(2) Compatibility – consistent with existing values, experiences and needs of the adopter, 

the business plan should show that it is compatible with the current values, adopters past 



  27 

experiences and their needs. (3) Complexity – Opinion for how difficult the innovation is, 

in the business plan adopters would provide information about communication, 

comprehension and usage. (4) Trialability – can the innovation be experimented on, 

learning by doing is desirable. (5) Observability – results should be visible to others, and 

the adopter plan ought to provide result that are easily observed and visible to others. 

Adopters should also consider which other resources that they will need in the 

implementation, identify obstacles and have a plan to prevent them or for overcoming 

them, is there new challenges created that need to be dealt with (Tidd & Bessant, 2014). 

Adopters also need to know how people can be encourage to commit to the plan and 

discuss which feedback that is needed about the plan (Tidd & Bessant, 2014).   
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5 Current situation 

At Gimo Tools they calculate that they have losses to approximately 10-15% in the 

supply chain, calculated on what they produce in real life. The main loss is within 

logistics and planning, before the cutting process, so basically the logistics for cutting 

tools in the shop floor flow. Since they handle the whole process from raw material to 

finished product it is important that the logistics are handled in an efficient way. 

Previously they bought their tools internally from Sandvik Coromant as a part of the 

Sandvik concern. Later they decided to go through the ordinary customer line to get 

support by the tool offered by Sandvik Coromant, AutoTas. Using AutoTas they decided 

to implement a tool cabinet for a better view of their tool usage. This cabinet will be in 

place by the end of summer 2016 and comprises locks on the trade level. So all tool 

withdraws will be visible on a management level, which will be a big different from 

today where they have an open storage without any visibility of the usage. With an early 

usage of 200.000 tools a better overview of where tools are used is a request and which 

machines that uses which tools. Also the ability to know where a tool is, giving the 

amount of tools in use at the same time since their 200 machines hold 210 tool places 

each. The current logistics flow at Gimo Tools towards Coromant is presented in Figure 

8. From tool storage at GVPX an order is sent to Sandvik Coromant through GSL and 

requested tools are sent to goods receipt to be registered in tool storage. Tools that are 

handled internally and reground are sent to central storage before they are registered in 

tool storage at GVPX. Tool storage at GVPX supply the machines with tools. 

 

Figure 8, showing the current flow of tools ordered from Sandvik Coromant 
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The tool flow for externally ordered products are shown in Figure 9 and are a bit more 

complex. Where a purchase order are created from central storage to external partners, 

deliveries are then coming in to goods receipt before they are stored in either central 

storage or tool storage at GVPX before they reach the machine. From the machine tools 

can be dispatched as either scrap or be regrounded, if they are regrounded they are 

delivered back to central storage after regrounding. 

 

Figure 9, showing the current flow of tools ordered from external partners 

For the current production, at Gimo Tools they have no opportunity to see stock levels, 

future needs, or tools used for manufacturing in a simple way. They know the amount of 

tools available in central storage, but not potential storage on shop floor adjacent to the 

machines. They tried to keep track of levels for the middle storage at shop floor with a 

Kanban system so the right amount should be close for the personnel. But since the 

Kanban system is not used as it should it becomes unreliable, since the shop floor 

personnel goes around it. Instead they send emails to central storage or physically collect 

tools at place. In simple terms, what happens after withdrawn from the central storage is 

like a black hole where Gimo Tools wish for greater transparency with a system for 

visibility and tracking of objects. Something that they are lacking today. Gimo Tools 

have a picture of where they want to be, see Figure 10, taking more technical solutions in 

to the shop floor logistics, this is their own project goal. They have, as already mentioned, 

bought a tool cabinet where personnel need to register withdrawn, this is going to be in 

place for the fall of 2016. Gimo Tools earlier installed TDM system to cover their needs 

with visibility and traceability, unfortunately this system is not currently in use. 
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Figure 10, showing future flow of tools when Gimo Tools uses TDM System 

 

5.1 TDM system at Gimo Tools 

After installation of the system they had difficulties to get the expected outcome of the 

system, regarding visibility and traceability, which the installed TDM system was 

supposed to cover. For Gimo Tools a barcode system was created, that could handle 

articles that are put in to storage and taken out of storage. Since their machines has a 

standardized tool set up, meaning they have the same tools rigged at all times, they did 

not see the usage for RFID. Unfortunately there were some problems getting this system 

up and running, for starter there were technical problems which was later taken care of. 

But with several flow lines that basically works as companies in the company and is 

responsible for different product families, where they have had the time to optimize their 

activities for almost 30 years it was hard to optimize TDM and the functions offered. In a 

pilot project Gimo Tools started to implement TDM system in production with a routing 

group and on the engineering side they implemented TDM for a product family. To be 

able to maximize the utilization of TDM a standardization of tools used within Gimo 

Tools where needed to happen, their names, T-numbers and identification means. Making 

it hard with that much job to motivate new names for both production and operators, for 

motivation to take place the activity must believe that the standardization regardless the 

amount of job will lead to greater efficient. For production all storage places where they 

intend to store tools needed to be created, to be able to handle them within the system. 

And on the engineering side all tool components needed to be created for the ability to 
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create compounded tools within TDM system. Both activities are very time consuming 

and this is why TDM system has not reached the shop floor in Gimo Tools. They have 

not had sufficient resources to handle these activities, the pilot project also took longer 

time than expected since there was problems with getting TDM to function with their 

automated preparation (cappman). Gimo Tools have drawn their own conclusion that the 

project grown to large with too many activities to handle at the same time. It would have 

been better to implement TDM in smaller pieces, one step at a time and not production, 

engineering and cappman all together. This is reasons to why their personnel has not been 

given the chance to test the system, personnel involved in the project have tried it in 

smaller amounts and consider it to have a user friendly interface though. Today Gimo 

Tools have clearer focus and demands for implementation and have also increased the 

amount of resources for the standardization processes that progresses, and they strongly 

believe that this will be the solution to get TDM up and running. 
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6 Application of the theory on Gimo Tools 

This chapter uses theory from chapter 4 for application on the current situation at 

Gimo Tools. 

6.1 Industrial automated systems  

The systems that is presented in the literature have a great similarity, all in the sense of 

Industry 4.0 (Babiceanu & Seker, 2016; Campos & Miguez, 2011; Chen & Tsai, 2016; 

Drath & Horch, 2014; Gecevska et al., 2010; Jazdi, 2014; Luo et al., 2015; Scheuermann 

et al., 2015; TDM, 2016). They offer the same kind of solutions in almost the same way, 

therefore the comparison table for systems is presented here, Figure 11. The central part 

for all articles, regardless if they talk about Industry 4.0 or industrial automated systems 

is the need for networking (Babiceanu & Seker, 2016; Campos & Miguez, 2011; Chen & 

Tsai, 2016; Drath & Horch, 2014; Gecevska et al., 2010; Jazdi, 2014; Luo et al., 2015). 

And being connected to internet is part of that networking (Drath & Horch, 2014; 

Babiceanu & Seker, 2016; Barchetti et al., 2010; Jazdi, 2014; Velandia et al., 2016) for 

the ability to share the data information that have been gathered (Campos & Miguez, 

2011; Chen & Tsai, 2016; Drath & Horch, 2014; Gecevska et al., 2010; Luo et al., 2015; 

Scheuermann et al., 2015). Four systems have been identified through literature and then 

the philosophy for Industry 4.0 is presented by CPS, M-CPS and IoT, as both Drath and 

Horch (2014) and Jazdi (2014) refers to that CPS can be called internet of things. And 

Babiceanu and Seker (2016) also mentioned M-CPS that is the exact same thing as CPS 

but referring to storing the gathered data information in a cloud instead of in a data 

network or physical computer. The first system that stands out from the philosophy of 

CPS/IoT is STEP-NC that is more towards smart NC programming that have been 

developed since traditional CNC programming had limited traceability (Campos & 

Miguez, 2011). PLM is another idea of how Industry 4.0 can function, divided from CPS 

philosophy in that way that products are managed through the whole lifecycle and also 

cover maintenance along with product improvement (Gecevska et al., 2010). In addition 

to CPS that more handle the fact that manufacturing should be computerized to be able to 

handle manufacturing both in the physical world and in the cyber world (Drath & Horch, 

2014; Babiceanu & Seker, 2016; Barchetti et al., 2010; Jazdi, 2014; Velandia et al., 

2016). PLM as a concept to gather information through all stages in the process and also 

make the information visible which is the similarity with CPS/IoT even if they are 

described in different ways (Gecevska et al., 2010). The other system claiming to be able 

to gather data information through production process is TDM that also offers traceability 

and visibility of where a tool is at a specific time for the knowledge of tool status (TDM, 
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2016). The idea of PLM builds TDM, which have strong similarities, such as arguing for 

covering the whole life cycle of tools and products (Gecevska et al., 2010; TDM, 2016). 

With data gathering and sharing of information through all processes in a tool or a 

products lifetime they can be used for execution and decision making within an 

organization (Gecevska et al., 2010; TDM, 2016). The last system drain from literature is 

UM that in similarity to the other systems is based on wireless sensor technology to 

achieve automated data collection in real time (Chen & Tsai, 2016; Luo et al., 2015). 

Reading the literature it seems clear that companies need to embrace the fourth revolution 

and adapting more automated systems into their manufacturing processes (Jazdi, 2014; 

Velandia et al., 2016). But it is not all clear in which system to choose since all presented 

system allowing visibility and traceability of tools and/or products in some regard 

(Babiceanu & Seker, 2016; Campos & Miguez, 2011; Chen & Tsai, 2016; Dai et al., 

2012; Drath & Horch, 2014; Gecevska et al., 2010; Jazdi, 2014; Luo et al., 2015; TDM, 

2016; Velandia et al., 2016). It seems like depending on the automated identification 

technology that is chosen the identification and gathering process can be a more or less 

easier task (Babiceanu & Seker, 2016; Barchetti et al., 2010; Lee et al., 2013; Luo et al., 

2015; Qu et al., 2012; Sardroud, 2012; Velandia et al., 2016). With TDM, Gimo Tools 

should be able to get visibility and traceability of their tools started in a quick way since 

this system is already implemented in their manufacturing system (TDM, 2016).  

 

Figure 11, comparison of systems 
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6.2 Grading of systems 

The systems in Figure 11 were graded from information presented from different authors 

regarding the systems. In this section the grading will be presented in a more thoroughly 

way, based on information provided in the articles it was possible to give the systems 

different grading. 

6.2.1 Volume 

Gimo Tools handle great manufacturing volumes why the systems must be able to handle 

this in a suitable and sufficient way. Talked about here is the total volume that is 

manufactured, not a particular part or parts from a particular machine.  

6.2.1.1 STEP-CN 

Step-CN is given the grading 4 (four) in volume handling, based on the fact given by 

Campos and Miguez (2011), that it is able to handle a great amount of information and 

content in an efficient way. The main reason that step-CN is not given a higher grade is 

the fact that volume handling is not presented as the core business when it comes to step-

CN (Campos & Miguez, 2011), so it might leave the user with unfulfilled desires. 

6.2.1.2 PLM 

Gecevska et al. (2010) present PLM as a system that in a coherent way enable real time 

collaboration with a good data structure which allows data sharing. Which gives that 

when PLM is integrated in greater companies it have the capacity to handle great volumes 

in that company (Gecevska et al., 2010). PLM is therefore given the grading 4 (four) in 

volume handling, it is not given a higher score due to the fact that it is not described as a 

top of the line of volume handling systems. 

6.2.1.3 TDM 

TDM (2016) on the other hand describe the TDM system specifically as a system that 

handle greater production volumes. Therefore TDM is given the grade 5 (five) when it 

comes to volume handling, based on that it is a system described as excellent when it 

comes to handling great volumes (TDM, 2016).  

6.2.1.4 UM 

Chen and Tsai (2016) describe UM system as a system suitable for small but flexible 

manufacturing, while in the same time Luo et al. (2015) describe UM as a system that can 

improve coordination to more efficiently get orders through production. UM is therefore 

given the grading 4 (four) when it comes to handling of greater volumes. Since it 
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nowhere states that UM is particular bad in handling volumes it did not feel comfortable 

to give them a lower grade. 

6.2.2 Flexibility 

Manufacturers need to be flexible when offering customers new products and therefore 

the systems also need to be flexible. It is for Gimo Tools not possible to lock themselves 

with a system that is not possible to change to customer needs to meet requirements. For 

the ability to manufacture different products for different customers. 

6.2.2.1 STEP-CN 

Step-CN have information saved, describing how to make the piece and what to make, 

this is changeable but require more manual intervention to change basic designs (Campos 

& Miguez, 2011). Due to the fact that Campos and Miguez (2011) in their report give the 

impression of step-CN as a system that would increase the workload for it to be called 

flexible it is given the grading 3 (three). 

6.2.2.2 PLM 

For PLM Gecevska et al. (2010) is very clear about the fact that you need to beat 

competitors to the market, and is therefore also describing the system as very flexible 

why PLM is given the grade 5 (five) in flexibility. It would be hard to give the system a 

different score as the authors describe it as very flexible system. 

6.2.2.3 TDM 

Also in flexibility TDM is given the highest grade 5 (five), due to the fact that the authors 

describing it as very easy to change required tools for manufacturing. It can according to 

the authors be changed direct at the machine and is described as a flexible system (TDM, 

2016). With a standard tool set up it is also easy to have the tools required at hand when a 

new design is presented (TDM, 2016). 

6.2.2.4 UM 

UM is given the grading 5 (five) when it comes to flexibility, this is due to the fact that 

Chen and Tsai (2016) describes it as a flexible system and both Luo et al. (2015) and 

Zhang et al. (2011) describes UM as a system that in combination with RFID is given 

advantages in flexibility. It seemed fair to give UM the highest grade in flexibility as it is 

described in that way by the different authors. 
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6.2.3 Complexity 

Gimo Tools offer products towards their customers that can be assembled in different 

ways, their chosen systems therefore need to be handle complexity. Complexity like 

changes in batches or replacement of parts in the manufacturing process.  

6.2.3.1 STEP-CN 

Campos and Miguez (2011) is describing step-CN as a system that in a satisfactory way 

can handle complexity and therefore step-CN is given the grade 4 (four). It still require 

some extra manual handling to be able to offer complexity (Campos & Miguez, 2011), it 

therefore seemed unfair to give it a higher score in relation to other system since it would 

require more manual handling. 

6.2.3.2 PLM 

According to Gecevska et al. (2010) product development should be involved early in the 

progress so that customer requirements can be meet. With the ability to enable real time 

collaboration they argue for that complexity can be integrated in the manufacturing and is 

therefore given the grading 4 (four) (Gecevska et al., 2010). 

6.2.3.3 TDM 

Producers of TDM describe it as a system that in a very easy way can control and monitor 

any particular manufacturing event, including complexity (TDM, 2016). Even though it is 

described as a system that in a very easy way can handle complexity it is not given a 

higher grade than 4 (four) based on comparison with the other systems since they should 

all be able to handle complexity. 

6.2.3.4 UM 

With wireless manufacturing it is possible to collect information from intelligent devices 

automatically (Chen & Tsai, 2016, Luo et al., 2015). This collection can be used for 

improvements of scheduling and replacements in manufacturing but also rushing orders 

through production (Luo et al., 2015). By converting objects into smart objects standard 

operations might be done through web operations that can be argued for increasing 

complexity and UM is therefore given the grade 4 (four). Based on the fact that all 

systems handle flexibility it seemed like the fairest grade. 
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6.2.4 Variety 

Also the variety of manufactured products are high within Gimo Tools, why the systems 

need to be able to handle variety. When volume handle the manufacturing in total, variety 

handle the amount of separated standardized products. 

6.2.4.1 STEP-CN 

Given by Campos and Miguez (2011) the flow of automated data information facilitates 

the variety in volume of separated products. The automation increase traceability 

activities which enable variety even more, why step-CN is given the grade 4 (four) in 

how the system handle and coping with variety (Campos & Miguez, 2011). 

6.2.4.2 PLM 

To be able to beat customers to the market, manufacturers need to be able to handle 

variety (Gecevska et al., 2010). The authors describe PLM as a platform that will speed 

up customization, in which variety can be consider to be a part (Gecevska et al., 2010). 

PLM is therefore given the grading 5 (five) in how it is capable of handling variety. 

6.2.4.3 TDM 

TDM (2016) argue for that the TDM system can handle variety in a high grade, when all 

tools are enabled with RFID it increases the capability to change manufacturing in a rapid 

way and is therefore seen as a very varying. TDM system is therefore given the grade 5 

(five) seen to that it should be able to handle variety in a very desirable way. 

6.2.4.4 UM 

Also Luo et al. (2015) and Zhang et al. (2011) argue for that UM in combination with 

RFID gives advantages when it comes to scheduling and data collection along with real 

time decision. Collection information in real time minimize scheduling problems and UM 

can therefore be argued for being very varying. UM system is therefore given the grading 

5 (five) when it comes to variety. 

6.3 Automatic Identification and data collection technology 

Even though it seems like all systems are offering visibility and traceability it does not 

come automatically, the system need to gather the information in some way and the 

easiest way is to use automated identification technology of  some sort (Barchetti et al., 

2010; Lee et al., 2013; Sardroud, 2012). Figure 12 shows the mapping of the technology 

that have capability to gather data information automatically, traditional barcodes or 2D 

barcodes should not even be consider for this kind of data gathering since they cannot 
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provide user efficiency in an effective way (Barchetti et al., 2010; Lee et al., 2013; Qu et 

al., 2012; Sardroud, 2012; Velandia et al., 2016). 2D barcode have greater potential but is 

not as efficient as RFID tag and readers (Barchetti et al., 2010; Chen & Tsai, 2016; Dai et 

al., 2012; Lee et al., 2013; Luo et al., 2015; Sardroud, 2012). Negative part of these 

automated identification technology is that they need to be put on physically by hand 

(Babiceanu & Seker, 2016; Barchetti et al., 2010; Lee et al., 2013; Luo et al., 2015; Qu et 

al., 2012; Sardroud, 2012; Velandia et al., 2016). But even so, RFID tags should be the 

choice for collecting tool/product data automatically since they have the ability to gather 

data in bulk (Babiceanu & Seker, 2016; Barchetti et al., 2010; Dai et al., 2012; Lee et al., 

2013). TDM (2016) have made the RFID tagging in some way easier since their idea is to 

mount an coil to the tool holder, then when a new tool is attached to the holder this is 

done with a new registration with the RFID tag. By only tagging the tool holder the 

amount of tagged objects decrease with retain capability for visibility and traceability 

(TDM, 2016). 

 

Figure 12, comparison of automated identification and data collection technology 

6.4 Gimo Tools 

With a system for visibility and traceability the logistics cost should decrease for Gimo 

Tools, and since they handle the whole process from raw material to finished goods this 

goes hand in hand with the concept for PLM (Babiceanu & Seker, 2016; Gecevska et al., 

2010; Jazdi, 2014; Velandia et al., 2016). Investing in a system gives them the visibility 
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regarding tool withdrawn that they are totally missing today and also visibility regarding 

stock levels, future needs and which tools that is mounted in the machine (Drath & 

Horch, 2014; Jazdi, 2014; Scheuermann et al., 2015). With 200 000 tools used per year 

that knowledge would be crucial for good management decision and planning (Chen & 

Tsai, 2016; Dai et al., 2012; Mücke, 2016; Qu et al., 2012; Sardroud, 2012; TDM, 2016; 

Zhang et al., 2011). All tools will be registered in the new tool cabinet, which is kind of a 

necessity if the system should be able to know where a tool is at (Mücke, 2016; TDM, 

2016). By using the tool holder for identification of a tool there is also the possibility to 

follow a tool inside the company (Mücke, 2016; TDM, 2016). When a tool is sent to 

scrap the tool holder can be used for a new registration with a new tool and visible at tool 

storage once again (Mücke, 2016; TDM, 2016). And if a tool is sent to reground that 

information will be added to the tool and it can be planned for usage with manufacturing 

that does not require new tools (Mücke, 2016; TDM, 2016). This also increase the ability 

to plan production in a more efficient way than before and have potential to save even 

more money for Gimo Tools (Chen & Tsai, 2016; Dai et al., 2012; Gecevska et al., 2010; 

Qu et al., 2012; Sardroud, 2012). With the new tool cabinet and elimination of middle 

storages the Kanban system can be removed to secure more accurate tool levels in storage 

(Babiceanu & Seker, 2016; Campos & Miguez, 2011; Kang & Lee, 2013; Karlsen et al., 

2013; Mücke, 2016; TDM, 2016). This will also eliminate the emails that is sent from 

production personnel to central storage for ordering and will give a clearer structure 

within the company (Campos & Miguez, 2011). With TDM it is in all way possible for 

Gimo Tools to be where they want to be in the future, as they present in Figure 10 page 

30. 

6.5 TDM implementation at Gimo Tools 

How, why and with what rate innovations are spread can be described with the s-curve 

(Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 2010; Strang & Soule, 

1998). The s-curve different the adopters according to when they adopt the innovation, 

why Gimo Tools can be described as belonging to the early majority when adapting to 

TDM system (Rogers, 2010). This is based on the fact that the innovation is adopted by 

1.300 customers already (TDM, 2016), so they is not the first to adopt, but they are not 

the last either since industry 4.0 is growing rapidly (Drath & Horch, 2014; Jazdi, 2014; 

Scheuermann et al., 2015; Velandia et al., 2016). Gimo Tools also had the time to be 

influenced by other users as part of the social system that is crucial when adopting a new 

technology (Ghosal & Bartlett, 1988; Kinnunen, 1996; Meyer, 2004; Rogers, 2010; 

Strang & Soule, 1998; Tidd & Bessant, 2014). TDM system have the potential to benefit 
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from number of adopters and the time should be right with Industry 4.0 in mind for 

adopters to increase even more (Tidd & Bessant, 2014). The problems that Gimo Tools 

had with implementation could be traced to the technical problems with their automated 

preparation system Cappman, problems that could have been avoided with following a 

well-planned execution plan (Laudon & Laudon, 2004). They should also have gone 

through which resources that could have been affected with the implementation, which 

could have helped them identified the potential problems with Cappman in advance and 

potentially avoided those (Tidd & Bessant, 2014). All tool names also needed to be 

changed, that work could have been started before they started the implementation for 

their personnel to be gently lulled into change (Tidd & Bessant, 2014). And the likelihood 

for positive implementation would have increased since the company could have shown 

advantages with standardization for the tool names (Tidd & Bessant, 2014). It should also 

have been possible to show advantages such as never missing a tool for production, with 

allocated storage place to keep to motivation up during implementation work (Tidd & 

Bessant, 2014). Starting this job before the real implementation could also have helped 

them decided on how much time that should be put on importing data in to the system 

(Laudon & Laudon, 2004). The assigned resources was another problem that they faced 

during implementation, which is hard to predict in advance how the resources should be 

planned but also can be avoided with a good execution plan (Laudon & Laudon, 2004; 

Tidd & Bessant, 2014). Time is another crucial problem when working with projects and 

implementation, not only to start implementation in the right time as the s-curve describe 

(Rogers, 2010). But to keep the set time frames to keep people encourage to stay 

committed to the plan (Tidd & Bessant, 2014). The project dragged on time longer than 

expected which in fact could have led to reducing the commitment and also reduced the 

capability for a successful implementation (Laudon & Laudon, 2004; Rogers, 2010; Tidd 

& Bessant, 2014). The flowlines at Gimo Tools can have made the implementation 

harder, but with a clear planning that problems could have been avoided (Laudon & 

Laudon, 2004). 
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7 Conclusion 

 In this chapter the research questions of the report will be answered. 

7.1 Answering questions 

How could TDM system meet the requirements of visibility and 

traceability? 

Seen to that the requirements of Industry 4.0 is to automate industrial systems so they can 

enable innovative functionalities through networking and accessibility to the cyber world 

(Babiceanu & Seker, 2016; Campos & Miguez, 2011; Chen & Tsai, 2016; Drath & 

Horch, 2014; Gecevska et al., 2010; Jazdi, 2014; Luo et al., 2015; Velandia et al., 2016). 

Real time networking is therefore a crucial factor in the presented comparison table for 

comparison and requirements that should be meet by TDM. With networking and access 

to the cyber world it would be good if that could be done wireless (Chen & Tsai, 2016; 

Luo et al., 2015; Zhang et al., 2011). Why the second factor is chosen to be wireless 

communication, and the ability to connect wireless to the cyber world. For the systems to 

be automated data information need to be gathered, and it makes the process simplified if 

the gathering is done automated (Babiceanu & Seker, 2016; Barchetti et al., 2010; Lee et 

al., 2013; Luo et al., 2015; Qu et al., 2012; Sardroud, 2012; Velandia et al., 2016). Most 

crucial is in fact that information can be gathered in some way why this is the third factor 

that is chosen for the comparison table. Collaboration in real time and gathering of data 

also require that data information could be shared in some amount (Drath & Horch, 2014; 

Babiceanu & Seker, 2016; Barchetti et al., 2010; Gecevska et al., 2010; Jazdi, 2014; 

TDM, 2016; Velandia et al., 2016) for the collaboration to run smoothly. This is why the 

fourth factor of the comparison table is data sharing. All the presented factors are part of 

requirements for Industry 4.0 and should be meet before the system can claim to support 

Industry 4.0 (Drath & Horch, 2014; Jazdi, 2014; Scheuermann et al., 2015). When the 

above factors; real time networking, wireless connections, data gathering and sharing 

have been meet the system should be able to provide visibility and traceability which is a 

big part of Industry 4.0 and is offered when these factors are meet (Babiceanu & Seker, 

2016; Barchetti et al., 2010; Dai et al., 2012; Luo et al., 2015; TDM, 2016; Velandia et 

al., 2016). The positive outcome of visibility and traceability is given by the fact that 

history can be walkthrough regarding raw material, machine usage, tool storage and 

condition of the object (Campos & Miguez, 2011; Kang & Lee, 2013; Karlsen et al., 

2013; TDM, 2016). These factors should therefore be meet by TDM system to reach the 
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requirements of Industry 4.0. As can be seen in Figure 13, TDM system meets the 

requirements of the factors that been set up to represent Industry 4.0.  

 

Figure 13, Comparison table showing that TDM meets requirements of Industry 4.0 

 

What are the challenges when implementing a TDM system? 

When it comes to implementation of TDM system it could have run a lot smoother, seen 

to the s-shaped diffusion curve it might be that Gimo Tools tried to implement a new 

technology to fast, before the innovation had taken off properly (Ghosal & Bartlett, 1988; 

Kinnunen, 1996; Meyer, 2004; Rogers, 2010; Tidd & Bessant, 2014). But seen to which 

the problems were it is more likely that the implementation problems had nothing to do 

with the innovation taken off. TDM had been around for 25 years and with 1 300 users 

worldwide (TDM, 2016) it could only be assumed that their innovation had already taken 

off. Instead it is said that the likelihood of positive implementation is given by knowing 

existing needs and have high level of user involvement (Laudon & Laudon, 2004; Tidd & 

Bessant, 2014). It can also be discussed if Gimo Tools knew what their own needs where 

or if they were presented for them from TDM. For getting to know the needs the 

implementation can gain from trialability (Tidd & Bessant, 2014), that could have helped 

Gimo Tools to identify the existing needs and taken the correct steps in the 

implementation if trials could have been carried out. As also mentioned by Tidd and 

Bessant (2014), available resources are a very big part of the implementation plan and 

also to identify eventual obstacles for the ability to overcome them. The problem that 

Gimo Tool had with Cappman for example is a problem that could have been predicted 

and dealt with in advance, since they know that this was the system that was going to be 



  43 

used with TDM. Therefore the trials between TDM and Cappman could have been made 

before they tried to roll out TDM in production and engineering site in Gimo Tools, 

before any eventual obstacles made implementation hard to proceed. Available resources 

at Gimo Tools is something that does not correspond to how theory suggest that 

implementation is done. Seen to the limited resources that Gimo Tools reported that they 

had, in contrast to the amount of resources that theory suggest that companies have to 

implement new things. Tidd and Bessant (2014) also describes  the importance of sticking 

to plan and dealing with problems in advance to encourage personnel to commit to the 

implementation plan. Something that probably could have been done in greater amount 

for Gimo Tools, when they realized that there were problems with Cappman and that the 

resources were limited for the amount of job that needed to be done it is only human to 

believe that their commitment dropped a couple of levels. 

 

How are differences in manufacturing (volume and variety) met by 

TDM and similar systems?  

There are several solutions available for tracking and tracing of tools, this thesis present 

four different systems, STEP-CN, PLM, TDM and UM (Campos & Miguez, 2011; Chen 

& Tsai, 2016; Gecevska et al., 2010; Luo et al., 2015; TDM, 2016). Without any bigger 

differences between the systems they are all a part of Industry 4.0 in the sense of real time 

networking, wireless communication/accessibility and the ability to gather and share data 

information to offer visibility and traceability of objects (Babiceanu & Seker, 2016; 

Barchetti et al., 2010; Campos & Miguez, 2011; Dai et al., 2012; Kang & Lee, 2013; 

Karlsen et al., 2013; Luo et al., 2015; TDM, 2016; Velandia et al., 2016). For comparison 

of manufacturing types, four factors have been chosen. First of all production volume, if 

the system have capability to handle greater volume. The volume that is manufactured in 

total and not in a particular object or a particular machine. The second factor chosen was 

flexibility, for the capability to be flexible with manufacturing to meet customer 

requirements and produce different things for different customers. The third factor set up 

to be complexity, to measure the systems capability to handle complexed manufacturing, 

like changes in batches or replacements of parts in the manufacturing process. The fourth 

and last factor chosen was variety, which is similar to volume and flexibility but 

separated. As volume handle the total manufactured volume and flexibility is about 

customer requirements. Variety on the other side handle the amount of separated 

products, the variety of products that they manufacture as standardized products. For 

Gimo Tools their score is according to Figure 14, where their manufacturing have been 
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graded after what they have presented. They have the ability to produce great volume 

with 200 machines, therefore the system need to be able to handle great volumes. Their 

ability to be flexible is not graded as high, the reason is their standardized tool set up in 

the machines. Of course they can meet customer requirements, but their main goal is 

interpreted as the ability to produce the standardized tools. Therefore the system need to 

be able to handle this as well. Gimo Tools is scored high in complexity since they can 

handle changes in batch size and changes of parts in the manufacturing. Given the fact 

that tools and the holders are manufactured separately this will give a slightly higher 

grade of complexity. And the standardization manufacturing gives that they are slightly 

less dependent of customers changing batch sizes that also rises the grading of 

complexity. Gimo Tool also got a high score with the variety factor with 15 000 different 

products produced each year it cannot be argued for that their variety is anything less than 

high. 

 

Figure 14, Score given to Gimo Tools from manufacturing factors 

Comparing the grading given to Gimo Tools with the grading given to the systems in 

Figure 15, if only grading that are the same or higher are acceptable for recommendation 

to Gimo Tools. So based on the grading there are three out of four systems that could 

handle the manufacturing at Gimo Tools. The biggest differences can instead be seen in 

the automated identification and data collection technology where the presented solutions 

offer different ways to gather the information and the amount of information that is 

gathered at once (Babiceanu & Seker, 2016; Barchetti et al., 2010; Lee et al., 2013; Luo 

et al., 2015; Qu et al., 2012; Sardroud, 2012; Velandia et al., 2016).  
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Figure 15, Grading of systems 

 

What would be recommended for the focal company? 

With the systems being so similar they can all cover the manufacturing needs of Gimo 

Tools in an efficient way, instead the choice of automated identification technology have 

a bigger impact on the need for traceability and visibility. As presented above three out of 

four presented systems should with combination of automated identification technology 

have the ability to provide Gimo Tools with the traceability and visibility of the tools that 

they are asking for (Babiceanu & Seker, 2016; Barchetti et al., 2010; Campos & Miguez, 

2011; Gecevska et al., 2010; Luo et al., 2015; Velandia et al., 2016). With TDM already 

installed, that have the ability to provide them with the requested solutions for reaching 

their goal (Babiceanu & Seker, 2016; Luo et al., 2015; TDM, 2016; Velandia et al., 

2016). Since they have allocated resources and taken a retake for implemented TDM they 

should be on the right track for visibility and traceability of their tools. Seen to 

manufacturing grading of Gimo Tools as presented in Figure 14, compared with 

automated and identification technology it is only RFID that can match their needs. Gimo 

Tools have decided to implement barcode technology and perhaps this will be enough 

since the machines are rigged in a standardized way. It should be raised anyhow that their 

capability to change in manufacturing might be complicated in the future without 

changing automated identification and data collection technology that will become an 
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additional cost. For Gimo Tools the suggestion is to compare RFID with barcode 

technology before implementation starts up again, since RFID can provide longer 

lifecycle of tools controlled for example (Babiceanu & Seker, 2016; Barchetti et al., 

2010; Dai et al., 2012; Lee et al., 2013). With the holder connected to RFID the lifecycle 

of the holder increases in comparison with barcode technology that needs to be changed 

much earlier (Babiceanu & Seker, 2016; Barchetti et al., 2010; Dai et al., 2012; Lee et al., 

2013). TDM system is the best choice since the implementation is ongoing and the 

system have high score in comparison with other systems and offer compatibility with 

Industry 4.0. Which means that system can collaborate with networking and sharing data 

that have been collected for manufacturing improvements (Babiceanu & Seker, 2016; 

Drath & Horch, 2014; Jazdi, 2014; Scheuermann et al., 2015; TDM, 2016; Velandia et 

al., 2016).  

 

Figure 16, Comparison of automated identification and data collection technology 

7.2 Continue studies   

The next few years are going to be interesting regarding the industry 4.0 field, and in 

particular identification and data collection technology. Even if RFID seems to be a 

satisfying solution when it comes to automated gathering of information some automated 

technology for mounting the RFID tag on to the object that would be traced should be 

helpful. And as Industry 4.0 is growing in interest with more and more adopters, no 

matter the system chosen, the ability to gather information in an efficient way will be 
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even more crucial since the objects that are going to be traced are more likely to increase 

in numbers. It would therefore be smartest for companies not to lock them self-up in a 

compartment that does not have the ability to change or grow over time with changes and 

developments in this field. With the presented systems being so much alike and already 

have the capacity to cover visibility and traceability with automated identification and 

data collection technology, future studies should regard automated identification 

technology. Even if RFID tags have the ability to cover the traceability and visibility 

needs, they still have to be attached physically to the tools. The scientific contribution of 

this report is the demonstrated positive benefits of using RFID to track and identify tools. 

Automatic tracking and identification speeds up the production in real time. This has 

positive effects on both economy, environment and workload. I strongly believe that 

studies should be carried out to develop more user friendly and efficient automatic 

identification technology to reach even more positive effects when it comes to especially 

environmental benefits and workload benefits to speed the manufacturing process up. 
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