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Abstract 
In today’s competitive automotive market, many of the world’s leading organizations utilize the Lean 

manufacturing philosophy in order to increase productivity and stay competitive. With this philosophy 

come many great methods for improving processes, where focus is put on reducing or eradicating any 

actions or process that fail to create value for customers, the so-called waste. However, one question that 

remains is how fast a process actually can be. Having “40% waste”, how can one know if this is the endpoint of 

a successful efficiency improvement journey, or if the waste can be reduced all the way down to 0%? This 

Master thesis seeks to identify where this endpoint is located for a specific design of the product, aiming to help 

organizations allocate improvement work to where it does the greatest impact. Hence, knowing if the 

endpoint for a process already is reached, organizations can steer improvement work to R&D 

departments instead of trying to improve something not capable of improving. The findings show that 

organizations can use the results from this study in more than just one context. Not only will it 

complement the Lean philosophy by providing a measure of the absolute shortest durations for each 

individual activity or process under ideal conditions, but also will it facilitate communication between 

R&D and assembly departments at an earlier stage of the development process by quantifying the impact 

of different design choices on the total assembly time. 
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1 Introduction 
This chapter provides an introduction of the subject to this study. In addition, the problem formulation is 
presented, as well as the research questions to be answered. Lastly, the objective and aim are described. 

1.1 Background 
In the manufacturing industry, difficulties in quantifying how different design choices of a product impact 

the assembly time complicates the communication between assembly and R&D departments (Boothroyd 

et al., 2010). Therefore, synergistic effects based on this communication are small, meaning that a potential 

competitive advantage also is unexplored. At the same time, truck and bus manufacturers constantly seek 

ways to expand market share and increase profitability. With rising fuel prices, stricter environmental 

legalizations and variations in demand organizations are compelled to conduct cost-saving programs, look 

for more efficient ways to operate in and consider new type of R&D priorities (Dressler & Gleisberg, 
2009).  

In the automotive industry, the most common way to address these type of challenges is to utilize the 

Lean production philosophy (Womack & Jones, 2003). With this philosophy come several methods for 

making the organization run with higher performance at a lower cost, all aiming to reduce “waste” in the 

processes. By reducing this waste, organizations can keep up with the constantly increasing pace of the 

industry and further stay competitive on the global market. However, the understanding of to which extent 

an assembly process can be improved by reducing waste has yet been unclear. If being able to measure 

that, improvement work in the organization could be focused to where potential for positive impact 

would be the greatest; either improving the process or optimizing the design of the product. That is, 

knowing that a process by no means can be improved further, organizations could use its resources to 

optimize the design of that product instead of trying to improve the non-improvable process. Between 

R&D and assembly departments, this would result in a greater communication basis where all design 
choices would have an assembly time and cost associated to every design change.  

At Scania, the case object of this study, the assembly time given by product design was named Basic 

Engineering Time (BET) and this thesis aims to establish a clear definition of the concept as well as a 
method to identify it for any given product. 

1.2 Problem Formulation and Research Questions 
Today, assembly time driven by product design cannot be disaggregated from the total time needed to 

assemble components in Lean-inspired organizations. Therefore, lack of clarity exist in how much more 

effective any assembly process actually can be. This makes it hard to allocate improvement work and to 

ensure effective communication between the R&D and assembly departments. The primary goal of this 
thesis is to shed light on this gray area addressed by answering the following main research question: 

How may a Lean organization utilize the Basic Engineering Time concept in order to increase understanding of the 

improvement potential of an assembly process? 

Following three sub questions aim to help finding the answer to the main research question: 

1. How can the drivers that affect assembly time in an assembly process be determined? By understanding the 

drivers of the assembly time, it is possible to define an ideal time duration for the operations.  
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2. How can Basic Engineering Time help allocate improvement work to where it does the greatest impact? For 

helping with the prioritization of resources, it is important to be able to quantify the potential of 

different types of improvement actions.  

3. How can Basic Engineering Time facilitate communication between the assembly- and R&D departments? In 

facilitating the communication between the two departments, as well as being able to compare 

different product designs assembly time at an early stage, companies will be able to weight 

assembly cost against material cost, and hence the design choice may be made from a holistic 

viewpoint, making the best decision after taking both costs into account.  

1.3 Objective and Aim 
First of all the Basic Engineering Time concept has to be defined, in order to be established as a global 

standard. Next, the method for identifying the Basic Engineering Time has to be developed. In order to 

do so and establishing a way to work with the concept in practice, a user friendly software for calculating 

the Basic Engineering Time needs to be developed. Finally, the concepts usefulness will be verified by an 

implementation at the rear axle assembly line at Scania, applying the concept on two products using the 
Basic Engineering Time Software.   

1.4 Delimitations 
The research is based on empirical data obtained from one assembly line of one company with one type of 

products (with a few variations). The usefulness of the concept should be evaluated after being 

implemented on assembly lines with different kinds of products to understand how “universal” the 
modules are or how much they need to be adapted to the new circumstances.   

1.5 Definitions 
BET – Basic Engineering Time 

DFA – Design for Assembly 

DFMA – Design for Manual Assembly 

DT – the Transmission Assembly unit at Scania, located in Södertälje, Sweden 

KTH – the Royal Institute of Technology, located in Stockholm, Sweden 

MTM – A PMTS system used in this study 

PMTS – A system consisting of time standards for human motions 

SPS – Scania Production System, Scania’s own take on Lean Production 

TMU – Time Measurement Unit (equals 0.036 seconds) 
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2 Method 
This chapter describes the methods that have been used in this study. Also, issues related to reliability and 
validity are being discussed, as well as the selection of interviewees. 

2.1 Choosing Methodology 
Paradigms, shortly described as matrixes of beliefs and perceptions, are of great importance to study when 

choosing research methodology. Collis & Hussey (2009) asserts that there are two extremes of them, 

positivism and interpretivism, each associated with its own set of methodologies. Positivism supports a 

deductive process and seeks knowledge in experiments and systematic observations. In contrast, 

interpretism supports an inductive process where theories are subjectively developed to understand 

phenomena. This study is conducted somewhere in between positivism and interpretism. On one hand, 

the interpretivism paradigm reflects the choice of conducting unstructured and semi-structured interviews 

as part of the data collection method. This was a necessity in order to pursue beliefs, develop deep 

understanding of the problem, and consequently build theory based on the empirical observations. The 

positivism paradigm, on the other hand, appears in the choice of collecting data through systematic field 

observations. This data has primary been used to validate findings and implement the concept. Therefore, 

classifying the research methodology as part of only one paradigm, recognizing that emphasis has been 

put on analyzing qualitative data, one might see it leaning towards interpretism, however, yet far away 
from meeting all the criteria for the extreme paradigm. 

As primary research methodology a case study was chosen. It is a methodology associated with the 

interpretivism paradigm that provides great flexibility regarding data collection methods, in which both 

quantitative and qualitative methods can be used (Yin, 2003). Case research is the method that uses case 

studies as its basis (Voss et al., 2002), which Bebensat et al. (1987) describes as a method that possesses 
three outstanding strengths all very attractive for this study: 

1. The phenomenon can be studied in its natural setting and meaningful, relevant theory 

generated from the understanding gained through observing actual practice. 

2. The case method allows the question of why, what and how to be answered with a relatively 

full understanding of the nature and complexity of the complete phenomenon.  

3. The case method lends itself to early, exploratory investigations where the variables are still 
unknown and the phenomena not all understood.  

Boyer & Swink (2008) adds that case studies include the ability to examine a topic in great depth, allowing 

the researchers to conduct a thorough examination of numerous factors and nuances. Also, they add that 

case studies often lead to the emergence of unintended insights, which in turn can lead to new avenues of 

inquiry. Hence, for a theory-building study like this, the case-study approach appeared as an interesting 

and well suited methodology to adapt. However, it was chosen after a careful examination of all 

possibilities for the research topic. Initially, benchmarking through surveys and plant visits appeared as a 

great method to collect data. It could provide information regarding best practices in the industry, as well 

as a deep understanding of how performance measurement systems are utilized practically. Due to a 20-

week time constraint, as well as the confidential nature present in the automotive industry, this method 

was not chosen. Also, action research, a methodology closely related to the case study, could be of great 

interest to use as it focus on both solving a problem for the client and contribute to science (Collis & 

Hussey, 2009). The reason for not choosing this methodology was due to the close collaboration needed 
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between researchers and practitioners. With given resources, as well as the aforementioned time 

constraint, this methodology was not applicable in the study. Another methodology often used in this type 

of research is that of ethnography. The main data collection method in this methodology is called participant 

observation, where the researcher becomes a full member of the group that is being studied (Collis & 

Hussey, 2009). As this would be a very good way to collect relevant data for the research questions, again, 

the many months required for this type of study, combined with the major effort needed from the group, 

made this methodology inapplicable. In sum, the case study methodology provided a great set of data 

collection methods, served in a realistic time frame with minimal economical strains. 

2.2 Research Design 
According to Collis & Hussey (2009) research design a very important step to conduct in the research 

study. Not only will it provide a great guide to follow throughout the study, but also allow the researcher 

to work in a more focused and organized manner. Consequently, it will support the researcher to get the 

most valid findings out of the study (Vogt, 1993). The main steps in this study are presented in Figure 1.  

 

 
• Identified 

research 
problem 

• Conducted 
semi-structured 
interviews 

• Understand-
ing of current 
research 

• Developed 
final research 
questions 

• Conducted 
unstructured 
and semi-
structured 
interviews 

• Collected 
qualitative data  

• Collected 
quantitative 
data 

• Developed a 
VBA-based 
Excel 
program 

• Analyzed data 
obtained in the case 
study 

Figure 1. The research design. 
 
Initially, the research started with a pre-study aimed at identifying the issue to investigate. In this phase, 

much time was spent on discussing ideas for a feasible and narrowed research problem with the 

supervisors at Scania. Also, some semi-structured interviews were conducted at Scania during this time in 

order to build an understanding of the organization which the case study later should be conducted in. 

Subsequently, the literature review was aimed to provide an understanding of current research in the field, 

and to point out where the findings could contribute to existing body of research. Some weeks into the 

review the research questions were fully developed. Next step, the case study, was conducted to put the 

academic understanding into context, and to collect data necessary to examine the research questions. 

When desired data were obtained, a VBA-based excel model was developed in order to allow data to be 

analyzed and presented visually. Lastly, the data were combined with current research in the field and 

analyzed into relevant findings. It is of some note, however, that the literature review was extended over 

almost the entire study period, in an iterative manner, to ensure that all important fields were covered. 

2.2.1 Pre-study 
The pre-study was conducted in order to identify the issue to investigate and subsequently develop a 

research problem. Much time was spent discussing with supervisors at Scania how their problem had 

Pre-study Literature 
review Case study Software 

development Analysis 
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occurred, why it was a problem, and what they expected this study to contribute with. Emphasis was put 

on narrowing the problem to a feasible size, and to ensure that it would contribute to the needs of Scania 

as well as to existing science. For the latter, a discussion with the supervisor at the Royal Institute of 

Technology (KTH) also was carried out. He guided in the right direction regarding how to find 

appropriate literature, and how the contribution to science could look like. To confirm this path, a 
discussion was set up with an industry-employed doctoral student at Scania.  

Furthermore, the pre-study included several semi-structured interviews with employees at Scania. The 

semi-structured interviews were characterized by their openness, allowing the interviewee to divert from 

the framework built prior the interviews. They were held at Scania’s headquarter in Södertälje, Sweden, by 

both researchers of this paper. Consequently, these interviews contributed to a deep understanding of 

what objectives Scania has within its production unit; what they strive for and what challenges they 

currently are facing. This helped in the process of identifying a suitable research problem. The people 

interviewed during the pre-study are shown in Table 1. 

 

Name Department Title 
S1 SPS Office, Scania Consultant 
S2 SPS Development Projects, 

Scania 
Industrial Ph.D. Student 

S3 SPS & Industrial Development, 
Scania 

Director 

S4 SPS Production Engineering 
Development, Scania 

Manager 

           Table 1. Semi-structured interviews during the pre-study phase. 
 
At this point in time, challenge was to find people from different hierarchical levels, functional areas and 

groups which all possessed knowledge and interest in the identified problem area. Fortunately, as the pre-

study interviews were completed, the interviewees helped with identification of such people at Scania. 

These pre-study interviews therefore resulted in an extended list of people more and more related to the 

research problem, at different hierarchical levels, and in different functional areas and groups. Eisenhardt 

& Graebner (2007) confirms this as a key approach to take in order to limit bias in the study, i.e., having 

numerous and highly knowledgeable informants who view the focal phenomena from several different 

perspectives. These interviews were later conducted during the case study phase, strongly contributing to 
the findings of this study. 

2.2.2 Literature review 
When the pre-study phase was over an extensive literature review was carried out. Its main purpose was to 

identify what current research already had answers on, as well as to gain more knowledge on specific fields 

closely related to the developed research problem. These fields were performance improvement tools, design for 

assembly, time measurement, and efficiency measurement in Lean organizations, all described thoroughly in Chapter 3. 

The literature chosen was mainly gained from interviews and discussions, as mentioned in Chapter 2.2.1, 

but also from library and internet search using relevant keywords (“performance management”, “DFA”, 
“design for assembly”, “time measurement” and “time measurement+assembly”).  

The literature review was conducted in three phases, which of the first two were iterative, as seen in Figure 

2. 
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Figure 2. Literature review process. 

The first two phases were aimed to provide an understanding of the research field, as well as to find where 

the study could contribute to existing body of research. This knowledge was achieved by screening as 

much literature as possible and continuously evaluate its relevance for the study. By doing so, over and 

over again, accuracy of the connection between chosen literature fields and the research problem was 

increased. These two phases were closed when the research problem could be developed into 3 relevant 

research questions. Subsequently, an in-depth review was carried out aimed at provide an in-depth 
knowledge in the most relevant fields.  

2.2.3 Case study 
To complement the literature review with empirical understanding a case study was conducted. As object 

for the study the Department for Transmission Assembly at Scania was chosen. In particular, it was 

chosen because it faces many of the challenges described in the background statement. In addition, the 

management team at the Transmission Assembly department wished to explore the possibilities this type 
of study could entail.  

The first week of the case study was spent working side-by-side with the operators in the assembly line. 

During this week, all 30 work stations at the line were covered. The data were collected mainly by 

unstructured interviews with the operators, as well as with semi-structured interviews with the individuals 

that were recommended during the pre-study phase. Working in the assembly line also allowed close 

observations of the work process. Here, many of the drivers sought for in research question 1, “How can 

the drivers that affect assembly time in an assembly process be determined?”, could be identified. Also, internal 

documents were reviewed during this phase. These three methods allowed for data triangulation in many 

areas, reducing bias in the data sources (Jick, 1979) and providing a more comprehensive understanding of 

the case object. Increasing the use of multiple methods, Shah & Corely (2006) mean is necessary to build 

accurate, generalizable, and practically useful theory in management research. Subsequent chapter will 

explain the data collection methods further. 

2.2.3.1 Data Collection Methods 
Both primary and secondary data were collected during the case study. The primary data was used to 

address research questions 1, 2 and 3, i.e. “How can the drivers that affect assembly time in an assembly process be 

determined?”, “How can Basic Engineering Time help allocate improvement work to where it does the greatest impact?” and 

“How can Basic Engineering Time facilitate communication between the assembly- and R&D departments?”, as well as to 

map current state of the assembly line by measuring how long time every operation lasted. The secondary 

data was used together with the primary data to help validate the findings, implement the concept and 

answer the main research question “How may a Lean organization utilize the Basic Engineering Time concept in 
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order to increase understanding of the improvement potential of an assembly process?”. Table 2 illustrates a summary of 

the data gathering, which is explained in more detail below.  

 

 
Areas Method for gathering 

Primary 
data 

PMTS, current improvement work, 
time measurement methods, time 
variation in assembly, result 
presentation 

Observations, time measurements, 
unstructured and semi-structured 
interviews 

Secondary 
data 

Element sheets, MTM-1 database, tool 
data 

Searching for documents internally 
and externally and using online 
databases 

         Table 2. Summary of the data gathering. 
 
Primary data 
Primary data are data collected directly through first-hand experience, and are characterized by being 

previously unknown and not published. During this study, three methods were used in order to obtain 

primary data: 

• Observations, which helped to identify work content in the assembly line. If an station on the 

assembly line was too complex to analyze on location a video recorder was used to record the 

operator. Most of all, these observations helped to reveal the variables that built the total 

assembly time function. 

• Time measurement, where a manual measuring technique was used to identify current assembly 

times. This was performed in order to create a current state diagram for comparison with the 

Basic Engineering Time.  

• Unstructured and semi-structured interviews, where focus was put on discussing five different 

areas: 

 

1) Predetermined Motion Time Systems (PMTS) (as described in Chapter 3.3.2). Interviews 

were aimed to provide an understanding of Scania’s current use of PMTS systems, and 

future plans regarding what system to use and how to use it. Our concept was developed 

in accordance with this information. 

2) Current work with improvements. Focus was put on discussing how the Lean philosophy 

is used practically and what limitations it currently has.  

3) Time measurements methods. Interviews considered difficulties in measuring assembly 

time, as well as how ideal time can be defined in different contexts. 

4) Time variables in assembly. Interviews were aimed to provide an understanding of how 

an assembly line was built up. Consequently, this understanding provided a great basis for 

discussing, observing and identifying the variables that exist in an assembly line. 

5) Result presentation. How the results could be presented in the best possible way, 

maximizing the possibility of acceptance and adoption.  

 
The semi-structured interviews that were held during this phase are listed in Table 3. It is of some 

note that answers obtained during the interviews not are expressed explicitly in this thesis. 

Instead, they provided a general understanding of the discussed topics, and are only referenced in 
larger contexts.  
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Name Department Title 
S5 Global Industry Engineering, 

Scania 
Competence Manager 
Tightening Technique 

S6 SPS Development, Scania Manager 
S7 SPS Office, Scania Manager 
S8 Atlas Copco Tools, Atlas Copco Product manager 
S9 Special and Rear Axle Assembly, 

Scania 
SES Coordinator 

S10 Industrial Engineering, Scania Industrial Engineer 
S11 Global Process Engineering, 

Scania 
Process Engineer 

S12 System Test Engine, Scania Head  
S13 Axle Design, Scania Senior Engineer 
S14 Consultant, MTM-föreningen i 

Norden 
Education Manager 

S15 Atlas Copco Tools, Atlas Copco Project manager 
S16 Axle- and Gearbox Assembly, 

Scania 
Workshop Technician 

                   Table 3. Semi-structured interviews during the case study phase. 
 

Just like the pre-study interviews they were held at Scania’s Headquarter in Södertälje, Sweden. 
Generally, they were some 1h long, not recorded, and of a very interactive art. 

Secondary data 
• Documents, which helped in the process of mapping out work content in the assembly line. 

Element sheets, i.e. descriptions of standardized work that must be managed within every job 

cycle, were used to understand all operations at every work station.  

• A PMTS database, more precisely the database that build the system MTM-1 (described in Chapter 

3.3.2.1), was used to collect data regarding the amount of time required to perform a specific task. 

In this database, human motions are quantified to a corresponding time on micro level. When 

work content on each work station had been mapped, the database could provide ideal assembly 

times for every human motion in the process.  

• Tools data, used to evaluate the tools used today, were collected from leading manufacturer 

product catalogs; Atlas Copco, Desoutter Tools, etc. 

2.4 Developing a Software in order to Enable Working with the 
Basic Engineering Time Concept in Practice 
When the case study was over a software was developed using MS Excel’s Visual Basic Application. 

Initially, one week was devoted to further develop skills in excel and VBA programming by reading and 

practicing cases in Excel 2010: The Missing Manual by MacDonald (2010). Also during this week, a deeper 

understanding of the characteristics that the software would need to have in order to become widely 

accepted was developed. It had the purpose to allow implementation of the concept not only by the 

researchers but also by the engineers working in the organization. Therefore it was developed with high 

focus on user-friendliness and visualization; two variables described as crucial when it comes to 

presentation of the result at Scania. Furthermore, during the development phase, several requests 

regarding functionality occurred. This resulted in a lot of new versions consequently developed in order to 



 15 

meet these requests and become more practically applicable. For example, a framework for expanding the 

database was developed. The tool was used in presentations during the later part of the study period, and 

was taught out by the researchers to relevant employees during the final week of the study with aim to 
become a well-used tool for the future. 

2.5 Reliability and Validity  
Reliability in this study was increased by using well-established and trustworthy secondary data as input. In 

the decision-making process over what PMTS that should be used, MTM-1 was chosen mainly because of 

its high degree of transparency; the developer holds no secrecy about how the database is developed, 

which is not the case in all the other PMTS. In addition, MTM-1 is ranked as the most developed and 

applied PMTS in the world (Zandin, 2003), therefore increasing reliability in the results. However, as data 

was collected in case study form with some emphasis put on semi-structured interviews, next time 

someone performing this study, in another context or in the same context with different interviewees, the 

data obtained could be slightly different. Yet, with slightly different primary data, one cannot overlook the 

fact that an manual assembly line, assembling the same type of product, more or less possess the same 

work content regardless of which organization being studied. If repeating this study, in another context or in 

the same context with different interviewees, we therefore argue that the analysis most likely would have 

taken the same path and hence explored a similar result, however not necessarily delivering the same type 
of empirical contributions as this study does.  

To ensure high validity in the study, data triangulation was accomplished by combining interviews with 

observations and secondary data, thus enhancing the extent to which the findings accurately reflected the 

phenomena under investigation. As part of the secondary data, element sheets were studied in order to 

utilize the case object’s written-down knowledge and obtain a full understanding of the work content in 

the assembly line. Observations were in necessary cases recorded, allowing both slow-motion analysis and 

discussions to take place. Interviews were also conducted with highly knowledgeable employees at 

different hierarchical levels and positions, many of them contributing with different perspectives on the 

focal problem, hence reducing bias in the study. In addition, interviewees were told not to be associated 

with their responses, trying to make them speak as freely as possible and therefore increase both validity 

and reliability in their answers. However, since almost every interview were conducted with employees 

within one organization only, a shared organizational perspective may have reflected the data to some 

degree; to increase validity further, therefore, the number of interviews could be increased and spread out 

over more organizations in the industry. Nevertheless, since 13 interviews were conducted with highly 

competent employees at one of Sweden’s largest and most established manufacturing companies, as well 

as the aforementioned “similar work content regardless of which organization being studied” aspect, the 

data used in this research is considered to support the findings of this study in a valid way.  
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3 Literature Review 
The literature review consists of four parts, with respective take-away presented below: 

1. Performance improvement tools. In this section, tools which companies use to improve their 

manufacturing process are being discussed. The take-away from this part is to understand how 

Lean organizations work with improvement tools, and how they strive for a holistic Lean 

philosophy rather than utilizing single methods. 

2. Design for assembly. This part will highlight the techniques used to improve the design of a product 

from an assembly point of view. The take-away is to understand the tools used in this type of 

improvement process.  

3. Time measurement. This part will provide a basis about how to measure times in a standardized way. 

The take-away is the importance of establishing a good time measurement standard, as well as to 

understand what time measurement systems Basic Engineering Time is built upon.  

4. Efficiency measurements in Lean organizations. In this section, systems that Lean companies use to 

evaluate their performance are being discussed. The take-away is the flaws in traditional efficiency 

measurement tools regarding how to understand your improvement potential and to understand 
how much further improvements can be made.   

3.1 Performance Improvement Tools 
There are a number of methods and tools which companies use in order to improve their performance. 

The Lean Production philosophy, with tools such as 5S and Just in time, are examples of such. These are 
briefly presented below.  

3.1.2 Lean Production 
Lean production is a production practice, or philosophy, aiming to reduce waste in the manufacturing 

process. The main idea is to identify where value is created, defined as what the customer is willing to pay 

for, and focus on reducing the non-value-adding operations and processes, i.e. the so-called waste, by 

continuous improvements in the processes (Dale et al., 2007; Melton 2005; Womack & Jones, 2003; Lewis, 

2000). The goal is to possess as much value adding time as possible, i.e. time that directly can be 

associated with value created for the customer. Hence, the idea is to create as much value as possible with 
as few resources as possible. 

Lean production derives from Japanese manufacturing principles. In particular, Toyota and its “Toyota 

way” philosophy – which is a set of principles that underlies all of Toyota’s managerial actions – is said 

being its founder. In the Toyota way philosophy, the aforementioned waste is a very central concept to 

work with. When improving the process, focus is put on reducing the non-value-adding parts of the 

process and hence cut the time. The waste can be subdivided into seven different categories (Womack & 
Jones, 2003; Bicheno, 2000; Ohno, 1988): 

1. Overproduction: producing more than required based on customer orders, generating costs for 

transport and storage, while capital is being locked up. 

2. Waiting: waste of time (and hence possible production) letting operators waiting for the next 

process step, equipment downtime or because of lacking material. 

3. Unnecessary transport: transporting material long distances when supplying the production line or 

when stocking work in progress or finished goods.   
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4. Over processing: performing operations which are not necessary. 

5. Excess inventory: having excess inventory such as raw material, work in progress and finished goods 

causes more transportation and longer lead times. 

6. Unnecessary movement: motion performed by the operator, such as walking, reaching or looking for 

tools or material during the manufacturing process.  

7. Defects: causing a need to repair or rework, sometimes having to replace products. Also, when 
process quality is poor, excessive inspection is needed.  

Within the frame of Lean production, there are a number of tools used to better organize the production, 
visualize the flaws and improving performance. These tools are presented below. 

3.1.2.1 Just in Time 
Just in time is a very central part of the Lean philosophy. It is a strategy used to reduce the inventory levels 

in the organization, hence reducing the need of stocking and equally avoiding tying up more capital than 

necessary in material and products (Shah & Ward, 2007; Olhager, 2000). On the contrary, taking a “Just in 

case” approach, one keep high levels of inventory in order to make sure the workstations always can 

produce. So even if something unforeseen happens concerning the connected workstations or the supply, 

delivery can be made at most times. Taking a Just in time approach one strive to lower the inventory levels 

as much as possible, between the workstations as well as in the storage for raw material and finished 

goods. The goal is to have the right material, at the right time, at the right place, and neither more nor less 

(Womack & Jones, 2003; Karlsson & Åström, 1996). By doing so, hidden problems associated with poorly 

balanced workstations, poor quality and lack of flexibility surfaces. Therefore, working after a Just in time 

concept requires a much greater process control than needed if you use inventory as a safety (Olhager, 
2000). 

3.1.2.2 Pull Flow 
In order to establish a production system with the Just in time strategy there needs to be a flow in the 

production. This can be done by creating a “pull system”, letting the demand from the one step in the 

process trigger the start of production at the previous step (Womack & Jones, 2003; Shingo, 1988). Hence, 

nothing is produced unless there is a need from the following steps in the process. Equally, nothing is 

being produced unless there is a customer demand for it. The demand for production is being pulled all 

the way from the customer order through the various steps in the production process, though the 

purchase department. This is opposed to the more classical “push system”, where each station is 

producing as much as possible as fast as they are able to, pushing work in progress down the line, without 
taking the demand from downstream in consideration, leading to high levels of inventory (Olhager, 2000).  

3.1.2.3 Kanban 
Kanban is the logistical control system used for realizing the pull flow by visualizing the demand from 

downstream (Takahashi, et al. 2005; Olhager, 2000). Each workstation is allowed a certain amount of 

inventory, e.g. two boxes of material. When one of the boxes is finished, it is moved to the previous work 

station where it triggers the production so that they can start re-filling the box with new material to 

provide the following station. Once the box is filled the production stops, waiting for a signal of demand 

from downstream: a new empty box. This is one example of how the demand can be visualized and the 

production triggered, however there are other ways such as signs or electronic signals regulated by the 

ERP-system but the concept is the same for all; it should only be production when there is a demand 
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from the following station, which is regarded as an internal customer (Takahashi, et al. 2005; Kumar & 

Panneerselvam, 2007). 

3.1.2.4 5S 
5S is a method for organizing the workplace. The goal is to create a clean, well-organized workspace, 

allowing the production to be performed more efficiently. 5S stands for five words which constitutes the 
method (Womack & Jones, 2003; Bicheno, 2000). 

1. Sorting means cleaning the workspace by removing all equipment not being used (not keeping 

anything “just in case”) and organizing the essential tools and machines, making sure the 

accessibility is high.  

2. Straightening is a method for guaranteeing time efficiency by reducing waste assigned with motion 

as much as possible. It means organizing the equipment so that the most frequently used tools are 

the ones which is easiest accessibly.  

3. Sweeping means cleaning the workspace, preferably after each shift, putting things back in order 

and making sure everything is where it should be. 

4. Standardizing refers to keeping the same set of tools, organized in the same way, in workspaces 

where the same kind of work is being performed. It also refers to standardizing how the work is 

meant to be performed.   

5. Sustaining the practice refers to maintaining and reviewing the standards being set. This basically 

means making sure the other four S’s are being updated when new equipment is being taken into 

practice and keeping the method ongoing, making it a habit, as opposed to an implementation 
without follow up.  

Bicheno (2007) highlights the importance of using 5S continuously, and not sporadically, in order to 
utilize the benefits of the tool.   

3.1.2.5 Poka-Yoke 
Poka-Yoke is a Japanese term meaning “fool-proof”. The term covers all mechanisms that assure any 

operation from being incorrectly performed due to lack of negligence or carelessness by the operator 

(Manivannan, 2006; Womack & Jones, 2003). There are three kinds of poka-yoke; in “contact poka-yoke”, 

the interface of two components are being designed in a way that makes it impossible to assemble them 

wrong without noticing, e.g. using chamfers which only allow insertion the right way. An example of this 

is sim-cards which due to asymmetrical shape can only be inserted when turned exactly right. The two 

other kinds of poka-yoke are “fixed-value poka-yoke”, which keeps track of the movements the operator 

performs, and the “motion-step poka-yoke” which keeps track of the sequence of operations being made 
and signaling if the sequence is wrong (Womack & Jones, 2003).  

3.1.2.6 Single Minute Exchange of Die 
Single Minute Exchange of Die (SMED) is a method for reducing waste in the changeover process when 

setting up for new product variations (Womack & Jones, 2003; Wantuck, 1989). A quick changeover 

process is crucial for being able to establish an efficient production system with small batches and many 

product variations, making the manufacturing flexible. As the name indicates, the initial goal was to be 

able to perform the changeover in less than ten minutes since it historically required lots of time. When 
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working with SMED, the changeover tasks are made easier to perform for the operator or with increased 
level of automation (Womack & Jones, 2003). 

3.1.3 Adopting the Lean Philosophy 
All the aforementioned tools might be used individually, but many representatives of Lean production 

criticize doing so, claiming that you cannot consider yourself Lean until your company has completely 

adopted the concept on a more philosophical level (Liker, 2004; Womack & Jones, 2003). Liker (2004) 
established 14 principles aiming to create a more holistic view on what it takes to be “Lean”: 

1. Base your management decisions on a long-term philosophy, even at the expense of short-term 

financial goals.  

2. Create continuous process flow in order to bring problems to the surface. 

3. Use “pull” systems to avoid overproduction. 

4. Level out workload. 

5. Build a culture of stopping to fix problems, to get quality right the first time. 

6. Standardized tasks are the foundation for continuous improvement and employee empowerment. 

7. Use visual control so no problems are hidden. 

8. Use only reliable, thoroughly tested technology that serves your people and processes. 

9. Grow leaders who thoroughly understand the work, live the philosophy and teach it to others. 

10. Develop exceptional people and teams who follow your company’s philosophy. 

11. Respect your extended network of partners and suppliers by challenging them and helping them 

improve.  

12. Go and see for yourself to thoroughly understand the situation. 

13. Make decisions slowly by consensus, thoroughly considering all options; implement decisions 

rapidly. 
14. Become a learning organization through relentless reflection and continuous improvement. 

Both Liker’s (2004) and Womack & Jones’ (2004) discussion of Lean stress the importance of continuous 

improvements in the organization; to have these principles as an underlying mindset in all decisions that 

are made. Liker (2004) also asserts that following these philosophy will not only give the benefits of all 
methods together, but also develop a synergic Lean effect to the entire organization.  

3.1.4 Discussion and Implication for the Study 
As the case object put strong emphasis in utilizing the Lean philosophy, an understanding of its 

production practice was vital for increasing the accuracy of this study. Scania Production System (SPS) is 

the name of Scania’s own take on Lean production (as described in Chapter 4.1.1), focusing on continuous 

improvement and Just in time production. When Basic Engineering Time was developed much time was 

spent on discussing how it should position against the Scania Production System, meaning how Basic 

Engineering Time could be prevented from encroaching the philosophy and instead act as a necessary and 
accepted complement. By in-depth knowledge in the Lean philosophy, this was also achieved. 
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3.2 Design for Assembly 
In this section, different techniques for making the assembly process easier is being discussed, as well as 

methods to evaluate how easy a component is to assemble given its specification. While the tools 

mentioned in the previous chapter can be used in order to improve the assembly process directly, R&D 

departments might only affect the assembly time by optimizing the operations which have to be 

performed when assembling the product. Design for Assembly (DFA) is a method that allows the R&D 

departments to think this way (Whitney, 2004). The objective of this method is to obtain a design that 

guarantees cost effective and efficient assembly operations, achieved by taking assembly operations and 
related support activities into account earlier in the design process (Wu & O’Grady, 1999). 

According to Boothroyd, et al. (2010) there are two main concepts of how to apply DFA: 

1. Reduce the number of components in the construction 
2. Make the components easier to assemble 

Furthermore, when working with DFA, the following approach is suggested: 

1. Focus on reducing complexity of a product at an early development stage of the development 

process, and not only functionality and cost-related aspects.  

2. Motivate the designer in simplifying the design in order the save costs assigned to components as 

well as assembly.  

3. Encourage information exchange between the experienced and the inexperienced designers. 

4. Establish a database, showing the assembly cost and component cost for different technical 

solutions. This database should be taken into consideration at an early stage of the development 
process (see point 1).  

How the optimal design is constructed, from an assembly standpoint, depends on how the assembly 

process is formed. Manual assembly has different requirements concerning the product design than an 

automatic assembly has. In an automatic assembly, for example, the possibility of feeding a component 

automatically is crucial. On the contrary, the ease of handling components (such as symmetry and size) is 

important in a manual assembly. Boothroyd et al. (2010) have established some general guidelines of how 

to evaluate a component’s friendliness in a manual assembly, named Design for Manual Assembly 

(DFMA), which are explained further in subsequent chapter. Dewhurst (2010) points out that this method 

has helped many product developers to shorten product cycles, lower cost, and improve quality over the 

years. Herrmann et al. (2004) also highlight shorter time-to-market, reduction of redesign iterations, as well 
as an improved customer experience for organizations taking an DFMA approach. 

3.2.1 General Guidelines for Design for Manual Assembly 
When evaluating the product from an assembly point of view, Boothroyd et al. (2010) asserts that two 
variables should be emphasized: 

1. Suitability of handling, insertion and fastening of each component 
2. Number of components that have to be assembled 

As for number 1, guidelines can be divided into two separate areas: handling (the orienting, acquiring, and 

moving of the parts) and insertion and fastening (the mating of a part to another part or a group of parts). 

The following part addresses the handling part of manual assembly (guidelines and figures; Boothroyd et 

al., 2010).   
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Guidelines for facilitating part handling   Example  

1. Design parts to have an end-to-end 
symmetry and rotational symmetry along 
the axle of insertion. 

 
   

 
2. If symmetry is not possible, make the parts 

obviously asymmetrical so that they 

cannot be assembled faultily (“Contact 
Poka-Yoke”) 

 

3. Add features which prevent parts from 
jamming when stored in bulks. 

 

 

4. Design the parts so that they cannot tangle 
when stored in bulk. 

 

 
 
 

 
5. Avoid parts which are: 

a. Slippery 

b. Flexible 

c. Fragile 

d. Very small 

e. Very large 

f. Hazardous to handle: sharp, 
tending to splinter etc. 

 
 
 
 
 
 

 
 

 

Here, the following guidelines address the other part of manual assembly, that of insertion and fastening.   

Guidelines for facilitating insertion and fastening        Example 

1. Provide chamfers and reduce the 

resistance to insertion of mating parts. 

 
 

Figure 3. Part with end-to-end symmetry. 
 

Figure 4. Obviously asymmetrical part. 
 

Figure 5. Part that is prevented from jamming. 
 

Figure 6. Part that cannot tangle. 
 

Figure 7. Example of parts that should be avoided. 
 

Figure 8. Part with chamfers. 
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2. Use standard components, processes and 
methods across all models and if possible. 

  

3. Design for pyramid assembly, permitting 
assembly from above.  

 
 

4. Avoid the necessity of holding parts in the 

right place in order to keep their 

orientation, while manipulating the 

subassembly or when placing another 

component. Once assembled, parts should 

stick and keep their orientation to the 
highest possible extent.  

 

 

5. Operator should be able to lock parts 
before they are released.  

  

6. Use the easiest kind of mechanical fastener 

which is allowed by the product 

requirements. The possible mechanical 

fasteners, ordered after increasing manual 

assembly cost are: 

a. Snap fitting 

b. Plastic bending 

c. Riveting 
d. Screw fastening 

 

 

Figure 9. Part with increased use of standard components. 
 

Figure 10. A pyramid assembly. 
 

Figure 11. Self-locating parts. 
 

Figure 12. Part with locked parts before release. 
 

Figure 13. Example of different kind of fasteners. 
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7. Avoid having to reposition the 
uncompleted assembly in the fixture. 

  

 

The second variable Boothroyd et al. (2010) consider important is the reduction of components in the 

construction. When deciding whether a part should be a component by itself or if it could be integrated 

with another part, a checklist with three statements should be used. For each part being assembled, if either 
of following statements are true, it is justified to let the part be a component by itself, else not.  

1. During the normal operation mode, the part moves relative to all other parts already assembled. 

2. The part is made of different material, or has to be isolated from all other parts already 

assembled. 
3. The part must be separate from all other assembled parts. 

Using this check-list, the decision-making of whether a component may be integrated with another will be 
less subjective than following intuition for what is practical.  

By following these guidelines, assembly-driven production greatly can improve chances for the success of 

a product already in the design stage. Maffei (2012) illustrates this in terms of time savings, shown in Figure 

15. 

 
Figure 15. Time savings coupled with the DFMA method (Maffei, 2012). 
 
By taking a full DFMA approach, design-change time can decrease with 60%, and the overall time by 40% 

(Maffei, 2012). In addition, by reducing the complexity of the product, simpler tools can be used and the 
total cost therefore can be reduced (Institution of Industrial Production, KTH, 2011). 

3.2.2 Discussion and Implication for the Study 
This chapter has provided guidelines for how to work when taking a DFA approach during the design 

phase of a product. When reading the results of this study, these guidelines will act as improvement 

proposals directed against the R&D department, providing both frameworks to use and mindsets to adapt. 

However, one should keep in mind that in addition to the facility to produce the components, R&D 

departments have several other criteria to take into account when developing a new product, such as cost 

and quality. Intuitively, such factors also tend to get highest prioritization when designing a product. In 

order to exploit all the benefits coming with the Basic Engineering Time concept, however, R&D 
departments in a larger extent need to balance those variables with a DFMA approach.  

  

Figure 14. Assembly without need for reposition. 
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3.3 Time measurement 
Time measurement tools are used in order to establish standard times required to perform different tasks. 

Olhager (2000) emphasizes the importance of having a good time-measurement standard when measuring 

times, allowing for process evaluation that reflects the true picture. In a manufacturing context, Zandin 

(2003) defines three different types of times: 

 

Normal Time 
Normal time is the time required by a qualified worker to complete at task using a prescribed method. 

Also, the worker is working at a pace used by most workers and is able to complete the task without any 

interruptions. 

 
Allowance Time 
Allowance time accounts for personal time, rest time, time to hedge for delays, and other unavoidable 

times present in manufacturing organizations. The allowance factor is often expressed as a percent of the 

normal time. 

 
Standard Time 
A standard time is the total allowed time to perform a task. Adding allowance time to the normal time 
forms a standard time. This time is always based on documented work methods and conditions. 

Following chapters will explain the methods used to evaluate workers in manufacturing organizations. 

3.3.1 Time Study 
Time study is a measurement technique carried out using a decimal minute stopwatch or similar timing 

devices. The method requires that work already is being performed, hence it cannot be used during 

planning or development stage. In order to obtain as good times as possible, work tasks are disaggregated 

into smaller operations, allowing instruction documents to be detailed and, in some cases, non-specific. To 

find reliable values, every operation is being recorded several times. Olhager (2000) argues that time 
studies contain the following five steps: 

1. Decide time study object 

2. Estimate the mean and standard deviation of the object, based on, for example, experience or 

pilot studies 

3. Decide desired accuracy of the study, i.e., confidence and risk level  

4. Calculate how many observations are needed (using Equation 1) 
 
 

n =
k
r
σ
t

!

 (1) 

   

Where n = number of necessary observations 
 k = confidence level 
 r = risk level 
 ! = observed standard deviation for the object 
 t = expected value of the object 
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5. Continuously calculate how many observations are needed. Data from conducted observations 
are now being used in order to find more accurate estimations of mean and standard deviation. 

Lastly, the mean is adjusted by performance rating to obtain a great time standard. It reflects how well the 

operator is working compared to others, and is often expressed in relation to a 100% skill and effort level. 

If the stopwatch’s time is 1 minute, and the worker is observed to work at a 95% level, the allowed time to 
finish that operation would be 0.95 minutes (Zandin, 2003).  

Bicheno (2007), however, asserts that 10 good observations are enough to do a sufficient time study. He 

argues that measurements with high standard deviation can be eliminated, and that the shortest and most 

recurrent time can be assigned as the standard time. While Olhager (2000) believes that the time study 

should include the 5 mentioned steps, in practice, a high confidence level and/or standard deviation 

quickly tend to increase the number of necessary observation. He adds that the most important thing is 

that the time study reflects the real working conditions, minimizing the risk that capacity requirements will 

get under- or overvalued with rising production costs as a result. 

3.3.2 Predetermined Motion Time Systems  
Predetermined Motion Time Systems (PMTS) are systems filled with databases of time standards for 

human motions. The approach of using PMTS in time and method studies is to analyze operations into its 

basic human activities, apply times derived from the database and summarize them into a total time 

standard for the complete work task. Especially, PMTS are useful to evaluate workloads in assembly tasks, 

i.e. to be able to balance the workloads between the station in an optimal way (Laurig et al., 1985). 

However, different PMTS have different level of detail. While some have detailed data for every type of 

motion, others have reduced the level of detail, striving for shorter analysis times and reduction of analysis 

errors (Zandin 2003). For example can Reach, Grasp and Release in one system be replaced by only Get in 

another.  

3.3.2.1 MTM (Methods-Time Measurement) 
MTM (Methods-Time Measurement) is a Predetermined Motion Time System built upon leveled times for 

100% performance. With standard performance already set, MTM eliminates the need for performance 

rating and puts focus on the work actually being performed (Salvendy, 2001). It has a database filled with 

standard times for detailed human motions, and is ranked as the most developed and applied PMTS in the 

world (Zandin, 2003). The motion elements and its associated times are separated into 10 different 

categories: 

 

1. Reach is a basic motion element involving movement of the hand, i.e. to move the hand to a new 

destination. It depends on two work variables: (1) the distance reached and (2) the case under 

which Reach is made.  

2. Grasp is a motion employed to gain control of one or more objects using hand and fingers. There 

are five categories of Grasp: (1) pickup, (2) regrasp, (3) transfer, (4) select, and (5) contact. 

3. Move is a hand or finger motion with purpose to transport an object to another location. It 

depends on three work variables: (1) the weight of the object transported, (2) the distance of the 

transport, and (3) the case under which Move is made. 

4. Position is a basic element used to align, orient, or engage one object to another. It depends on (1) 

class of fit (loose, close or exact), (2) symmetry, and (3) the ease of handling. 
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5. Release is the relinquish of an object. Two classes define Release: (1) normal release by opening 

fingers and (2) contact release. 

6. Disengage is the element used when two objects break contact. The time is affected by the 

following variables: (1) class of fit (loose, close or exact), (2) ease of handling, and (3) care of 

handling. 

7. Turn is a movement that rotates the hand, empty or loaded. It depends on following variables: (1) 

number of degrees turned, and (2) weight. 

8. Apply pressure is the application of force. 

9. Eye motion is the time the eye takes to focus and travel between points. 

10. Body motions are motions of the body, leg and foot. 

 

For Reach, which is based on (1) distance and (2) nature of the object, Table 4 illustrates how the time 

depends on these two variables. 

 

 
 Table 4. Standard times for Reach, based on two variables: (1) distance and (2) nature of the object (Zandin, 2003). 
 
By identifying the distance and analyzing the nature of the object reached for, a TMU time is given for 

that specific movement (where one TMU corresponds to 0.036 seconds). As it is developed with a 100% 

performance rating, Salvendy (2001) highlights that for any group of people working in normal conditions, 
this is the average performance that should be required by the workers.  

MTM comes in different level of detail. Above, Table 4 illustrates data derived from MTM-1, the most 

detailed and time-demanding measurement technique in the MTM family (Olhager, 2000). Two other 

techniques are called MTM–2 and MTM–3, where level of detail has been compromised for the benefit of 

faster analysis time. Table 5 compares how much TMU every system is able to analyze per analyst hour: 

 

 

 

A B C or D E A B

1,9 2,0 2,0 2,0 2,0 1,6 1,6

2,5 2,5 2,5 3,6 2,4 2,3 2,3

5,1 4,0 4,0 5,9 3,8 3,5 2,7

7,6 5,3 5,3 7,3 5,3 4,5 3,6
10,2 6,1 6,4 8,4 6,8 4,9 4,3
12,7 6,5 7,8 9,4 7,4 5,3 5,0

15,2 7,0 8,6 10,1 8,0 5,7 5,7

17,8 7,4 9,3 10,8 8,7 6,1 6,5

20,3 7,9 10,1 11,5 9,3 6,5 7,2
22,9 8,3 10,8 12,2 9,9 6,9 7,9
25,4 8,7 11,5 12,9 10,5 7,3 8,6
30,5 9,6 12,9 14,2 11,8 8,1 10,1
35,6 10,5 14,4 15,6 13,0 8,9 11,5
40,6 11,4 15,8 17,0 14,2 9,7 12,9
45,7 12,3 17,2 18,4 15,5 10,5 14,4
50,8 13,1 18,6 19,8 16,7 11,3 15,8
55,9 14,0 20,1 21,2 18,0 12,1 17,3
61,0 14,9 21,5 22,5 19,2 12,9 18,8
66,0 15,8 22,9 23,9 20,4 13,7 20,2
71,7 16,7 24,4 25,3 21,7 14,5 21,7
76,2 17,5 25,8 26,7 22,9 15,3 23,2

Additional 1,6 2,8 2,8 2,4 TMU per 5 cm over 76,2 cm

E Reach to indefinite location to get 
hand in position for body balance or 

next motion or out of way

D Reach to a very small object or where 
accurate grasp is required

B Reach to single object in location 
which may vary slightly from cycle to 

cycle

C Reach to object jumbled with other 
objects in a group so that search and 

select occur

Distance 
Moved cm

Time TMU Hand in motion Case and Description

A Reach to object in fixed location, or to 
object in other hand or on which other 

hand rests
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Work Measurement 
Technique 

Total TMU Produced 
Per Analyst Hour 

MTM – 1 300 
MTM – 2 1000 
MTM – 3  3000 

                               Table 5. Comparison of application speeds (Zandin & Maynard, 2001). 
 
Notably is that MTM-3 can produce 10 times as much TMU per analyst hour compared to MTM-1 
(which equals to 108 seconds of movement instead of 10,8 per analyst hour).  

3.3.3 Discussion and Implication for the Study 
When comparing the different time measurement methods some clear distinctions are found. Evaluating 

what this means in an organization, Olhager (2000) has defined the major pros and cons for each method, 

found in Table 6.  

 
Method Pros Cons 
Time study • High accuracy 

• The method is also 
studied 

• Education of personnel 
• Possible negative reactions 

of operators 
• Can be expensive 

PMTS • No direct study 
needed 

• No performance 
rating needed 

• Education of personnel 
• Inappropriate for long, 

non-repetitive operations 

Frequency studies • Simple to conduct • Needs many observations 
• Uncertain precision in time 

Time formulas • Simple and quick to 
conduct when the 
database is developed 

• Requires building of 
database 

                   Table 6. Pros and cons for different time measurement methods (Olhager, 2000). 
 

Time measurement methods chosen in this study were time study and PMTS. Reasoning behind this, 

leaving frequency studies and time formulas out, was (1) the time constraint of the research, (2) the high 

accuracy in time studies and PMTS systems, (3) the fact that organizations are moving towards the use of 

PMTS (Olhager, 2000) and (4) because the case study object already worked with time studies and PMTS, 

making the findings of this study more adaptable and convenient to use. Therefore, time studies and 

PMTS served as excellent methods to work with when the Basic Engineering Time concept was 

developed. Why the MTM-1 database was chosen over other PMTS was mainly because of its 

transparency; the developers have no secrecy about where their times is developed from, i.e. what kind of 

studies that were performed in order to establish the database. On the contrary, one of its greatest 

competitor, AviX (as discussed in next chapter) does not share this information. Also, as mentioned 

above, MTM-1 is ranked as the most developed and applied PMTS in the world most (Zandin, 2003), 

making this choice even easier.  

 
During the case study, these high-precision measuring techniques were initially taught out by a specialist 

working at Scania, making the researchers capable of using the methods by their own. Drawbacks of these 

methods, i.e. long education time and expensiveness, were therefore minimized, and due to the nature of 
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the case object no long non-repetitive operations existed. By asking the operators if they would like to be 

part of this study, explaining no performance evaluation or such would be conducted, negative reactions 

were also prevented. 

 

3.4 Efficiency Measurement in Lean Organizations 
As Chapter 3.1 provided an understanding of how Lean organizations work with process improvements 
generally, this chapter explains how the efficiency is measured and evaluated in such organizations.  

3.4.1 AviX – a Predetermined Motion Time System 
AviX is a PMTS system that helps organizations increase productivity in their production. Large 

companies such as ABB, Atlas Copco, BMW, Scania, Ericsson, and Volvo all use AviX in some form 

(AviX, 2013). As described in Chapter 3.3.2, PMTS systems, generally, are work measurement systems in 

which human motions have been quantified to an associated time, classified according to the nature of 
each movement. AviX, more specific, has several areas of use. Some of them are (AviX, 2013): 

• Time and method studies 

• Line balancing 

• Optimize design for assembly 

• Continuous improvements 

• Measurement of productivity and efficiency for different products and variants in the production 
process 

As for the latter, measurement of productivity and efficiency, AviX provides a measurement system that 

works just in line with the Lean philosophy. Figure 16 provides an overview of how the result can look like 
for an assembly line: 

 
Figure 16. Efficiency measurement in AviX (AviX, 2013). 
 
In this chart, loss time (red), wait time (orange), required time (yellow) and value-added (green) for 

operation, tempo, workstation, and line is shown; graphically, in time and in percentages. AviX defines 

loss time, wait time, and required time as non-value-adding time. Contrary, value-adding time is the time 

that creates direct value to the product. The unclassified part, shown in grey, is movements that not yet 

have been classified in any activity, and therefore doesn’t associate with any of the 4 other categories 

(AviX, 2013).  

3.4.2 Value Stream Mapping 
Value Stream Mapping (VSM) is a Lean method used for analyzing and visualizing flow of material and 

information within an organization (Morgan, 2002; Olhager, 2000). When conducting a VSM, first, the 

physical flow of the material for one specific product is mapped; from raw material reception until 

delivery of the finished goods. For each workstation (e.g. stamping, welding, assembly, painting and 
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quality-control) process data is written down, such as cycle time, changeover time, uptime, batch size, 

number of operators, number of product variations, pack size, working time and scrap rate. Next, the flow 

between the work stations is mapped. It might be a supermarket with stocking of work in progress; if so, 

the inventory levels between the workstations are written down, and measured either in absolute quantity 

or the amount of time they need to go through the next workstation. If the company uses a Kanban 

system between two workstations, as described in Chapter 3.1.2.3, it is visualized by a certain symbol 

showing that the demand is coming downstream. Next, one identify how often deliveries of raw material 

is occurring, in what quantities they arrive and how often finished goods is shipped and in what quantity. 

Finally, one write down how the information is going, specifically how and when the production and the 

ordering of raw material are triggered. The VSM then gives a good overview of how the manufacturing 

process is organized and how “Lean” it is expressed in value-added time (Millard, 2001; Rother & Shook, 

1999). To sum up, adding waiting times and machining times from all processes and inventories, the 
production lead time is given. Figure 17 illustrates how a current state map can be designed. 

 
Figure 17. Example of a Current State Map. 
 
When the current state map is completed, next step is to draw the “future state map” of how to improve 

the production according to the principles of Lean. One of the goals is to maximize the ratio of value-

added time over production lead time, which, in this example, might be done by lowering the levels of 

inventory between the workstations and establishing a “Kanban pull-system”. By doing so, one might 

need to improve the overall process by balancing the workloads of the different stations. Figure 18 shows 
how a future state map can look like. 
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Figure 18. Example of a Future State Map. 
 
Hence, performing a VSM can help identify hidden problems in the production. It also visualizes the 
efficiency in terms of value-adding time over total production lead time (Olhager, 2000). 

3.4.3 Process Flow Diagram 
While VSM has the key benefit that it focus on the entire value stream (Wilson, 2009), a Process Flow 

Diagram (PFD) is more suitable when it comes to only one process (Olhager, 2000). When working with 
PFD, symbols are used to represent the five different activities, see Figure 19. 

    = Operation 

    = Transport 

    = Control 

    = Storage 

D = Delay 
Figure 19. The five PFD symbols. 
 

Just like the VSM methodology, a Process Flow Diagram show how efficient you work in terms of value-

adding and non-value-adding time. Table 7 illustrates how a PFD can look like. 
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Table 7. A Process Flow Diagram (Olhager, 2000). 

In this method, every activity is connected to a Value Code, which translates the time and distance into 

value-added, non-value-added or a supporting-value-added time. An analysis of the process is done 

walking through every activity and ask questions such “Why? What? When? How?” (Olhager, 2000). By 

doing so, non-value-added activities will be lighted up on a micro level. Hence, a PFD helps organizations 

both in efficiency measurement and in process improvements. 

3.4.4 Discussion and Implications for the Study 
When following the Lean principles, as described in Chapter 3.1, and evaluate the process in the context of 

assembly, measured times will normally be presented as value adding time, non-value-adding time, or 

necessary but non value adding time. The indication is to focus on the non-value adding time and try to 

reduce it by continuous improvements. However, when you want to improve the process, these 

measurement systems still leave questions unanswered; one vital example is the understanding of which part 

of the time is driven by the product design and which part is driven by the assembly process. From an organizational 

point of view, seeing the difference between these two drivers is crucial. If the assembly process is 

optimized but the product is poorly designed, i.e. difficult to assemble, one might want to consider a re-

design of the product in order to improve further. In the other scenario, if the design is optimized from an 

assembly point of view but the process is inefficient, one might want to improve the process instead of re-

designing the product. Hence, the question that needs to be answered is how much further can we improve the 

process?  Typically, it is not possible to reduce all time which is considered non-value adding. There still 

need to be some handling, some movements and some transport. So, how good are the process really? 

Have we optimized it or do we still have a long way to go? Hence, an assembly process can have 99% 
non-value-adding time but still be as optimal as possible given the design of the product. 

  

Step Desciption D Time 
(hours)

Distance 
(m)

Value Code 
(V/N/S)

1 In storage X 40 N
2 To automated assembly X 60 N
3 At automated assembly X 6 N
4 Automated assembly X 2 V
5 To control X 70 N
6 At control X 4 N
7 Control X 4 V
8 To manual assembly X 55 N
9 At manual assembly X 8 N
10 Manual assembly X 2 V

Sum 2 3 2 4 - 66 185 -
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4 Results & Discussion 
In this chapter, the results are being presented regarding work routines from the case study and the Basic 

Engineering Time concept which was developed. A discussion follows regarding the usefulness of the 
concept as well as the ethical, economical and philosophical implications of the usage.  

4.1 Description of the Assembly Line and Work Routines from the 
Case Study 
The case study was performed at the rear axle assembly line at Scania. The rear axle line contained 30 

different work stations, plus an adjacent pre-assembly line for hubs with 6 stations. The work stations 

were normally occupied by one operator and contained a certain amount of work content, which had to 

be completed within given takt time. The flow was continuous, meaning that the sub-assemblies 

constantly were moving through the work stations. When the assembly passed a mark in the floor, it 

indicated that the takt time had been passed and the operator should start working on the following 
assembly.  

The work content was typically operations related to assembling different types of components on the 

sub-assembly. Some of the components were assembled manually, while others were fastened with screws 

using motor-driven screw drivers. In comparison with the car industry, corresponding components were 
substantially larger and heavier.  

The components used on the assembly line were typically located in boxes or on stands along the line, 

close to the position where they were to be used. A Kanban system allowed the logistic personnel (using 

trucks) to replace the empty material boxes with filled boxes from the inventory, which were located in 

the same building. The larger components, the fewer inventory were stocked up next to the operator in 

order to be space efficient. Really small components, such as nuts and washers, were often stored in the 
middle of the line for maximal reachability. 

The operators stood at the same point for some 10 minutes, and then rotated frequently in order to avoid 

injuries due to repetitiveness. About one out of five operators was given the title Team Leader, possessing a 

greater responsibility for the performance of the adjacent workstations. They also helped operators who 

encountered problems, aiming to solve the problems fast enough without the need of stopping the 
continuous flow. 

4.1.1 Working with Continuous Improvements: Scania Production System 
As a Lean organization, Scania has created its own custom production system, Scania Production System 

(SPS), emphasizing continuous improvements by reducing waste. SPS is being visualized as a house as 
seen in Figure 20: 
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Figure 20. The Scania Production System House (Scania, 2013). 

 

The SPS house represents the mind-set and core values at Scania as well as the production philosophy.  

Within the frame of this philosophy, Scania work continuously with reducing waste in their processes, 

involving the operators in the improvement work by educating them in SPS and encouraging them to 

suggest improvements. Also, operators are given training in “basic skills”, i.e. skills required in the 

assembly process such as entering a nut on a screw. By doing so, it is possible for Scania to establish a 
standardized way to perform the operations at the assembly line (i.e. the floor of the SPS house). 

The processes are currently evaluated using the PTMS AviX (as described in Chapter 3.4.1), by separating 

the takt time in value-adding time, necessary time, waiting time and waste. The continuous improvement 

work aims to reduce waste by eliminating or shortening the operations and motions considered as waste, 

just in line with the Lean manufacturing concept (Liker, 2006). However, the question which remains is to 

which extent the continuous improvement may reduce the takt time, since we know that it is not possible 

to reduce 100% of the waste. So, by how much waste can we possible reduce, and how much can we 
optimize the value-adding operations? 

For most of the work stations there is no explicitly stated ideal time. In cases where an ideal time exists, it 

comes from time measurements of a number of operators (normally ten) performing the operations, 
where the shortest observed time is being considered the ideal time (S11, 2013). 

The R&D department has two main prioritizations when designing new products: functionality and 

material cost (S13, 2013). Design for Assembly is not highly prioritized in designing new products, and is 

not really weighted against functionality and material cost. Part of the explanation is the subjectivity which 

typically is characterizing the discussion between the assembly department and the R&D department (S13, 

2013). Even if the assembly department can tell which design choice is the better from an assembly 

standpoint, it has generally been difficult to quantify the impact on the assembly time for a given design 

choice and hence it is impossible to take an objective decision comparing it against the two mentioned 

prioritizations. Also, one of the criticism from the R&D department was that the assembly department 

requests often are given at a late stage, when design changes would be very costly. The earlier a design 
requests can be made, the better are the chances for the R&D department to consider them.  

This problem is by no means company specific. Boothroyd et al. (2010) confirms that lack of 

communication (or sooner agreement) often exist between the departments, and illustrates this in a 
humorous way with a high wall between them, as seen in Figure 21.  
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Figure 21. A symbolic wall between R&D and manufacturing (Boothroyd et al., 2010). 

4.2 Basic Engineering Time Concept 
Based on the observations from the case study, the Basic Engineering Time concept was developed. In 

the following sections the concept is being explained as to how and why the assembly time is categorized, 

how ideal time is being defined, the module system which was created for practical applications, the 

method for applying the concept, how the result should be interpreted and finally an explanation of the 
Basic Engineering Time Software which was created.  

As stated by the MTM Association, the method sets the time (MTM Association, 2012). Assuming that 

every product assembly requires a predetermined sequence of operations and for each operation there is 
one preferred method, conclusion may be drawn that the design ultimately sets the time.  

The Basic Engineering Time is being defined as the assembly time driven by the product design. It is meant to 

represent the shortest reachable assembly time for a given product, and should be the target which the 

assembly department ought to strive for reaching. Since the Basic Engineering Time is based on the 

design of the product, it may be considered a product attribute. It is defined by the R&D department 

since the choice of constituents indisputably requires a predefined amount of work content. The Basic 

Engineering Time equals the sum of the ideal times for each of the required operations. The following 

subparagraphs cover the different aspects of the Basic Engineering Time concept which was developed 
during the study. 

4.2.1 Basic Engineering Time Components and Drivers 
For deciding how to break down assembly time into components, studies were made of all activities that 

were performed during the assembly process, constantly trying to understand what is the limiting factor that 

prevents each activity from being performed faster. After lots of analyzing, a few drivers limiting the 

shortest time for different types of activities emerged. The work content was categorized in four 

categories, based on the drivers which were limiting their shortest time duration. By understanding the 
natural limits of each driver, ideal times for the activities within each category could be set as follows:  

1. Manual operations are being defined as assembly operations that are being performed using hands 

or hand tools. Positioning tools and components on the assembly also counts as manual 

operations. What affects the time duration of the manual operations is mainly how the work is 

being performed and is associated with the skills of the operator and the level of standardization 

(following the best practice if such exists). 
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2. Tool-based operations are assembly operations in which motor-driven equipment is being used, 

typically tightening screws or nuts. What drives the time duration of the tool-based operations is 

mainly the performance of the equipment, e.g. the spindle speed and torque. In some cases, e.g. 

when tightening a screw, the material properties might be limiting (not allowing the tools to use 

full speed). 

3. Movements are the logistical operations, transporting the material and necessary tools to the 

assembly position. The time duration is driven mainly by the distance that the equipment or the 

component needs to be transported (not the skills of the operator as manual operations, since the 

motions generally are very simple). Attaching lifting tools to heavy components is also considered 

to be part of the movement since it aims to facilitate the movement of the component.  

4. Administration is the work which is not directly associated with the assembly work content (and 

hence not driven by the product design), typically order handling. The administration time is 
driven by the need of reading customized information in the assembly process.  

4.2.2 Defining Ideal Time 
In order to measure the performance of the current assembly process there was a need of defining what 

should be considered as ideal. As mentioned above, the normal approach for finding ideal times at the 

company of the case study was to measure the time duration of an operation several times, performed by a 

number of operators, and choose the shortest time as ideal. However, a different approach was chosen for 

defining ideal times in the Basic Engineering Time concept. Since the aim was to identify universally ideal 

times for performing the work content, a more theoretical approach was used to define the ideal time. 

Also, as the drivers of the ideal times within the four categories differ, so does the constraints which 

define the ideal times.  

 
Ideal time within manual operations 
The manual operations consist only of human motions, and what limit the assembly speed are the speed 

limitations of the human body. The ideal time should reflect what the average operator can perform 

repetitively, maintaining high quality and without getting repetitive strain injuries, as opposed to what the 

best operator can perform while being observed. Extensive studies of human body motions has been 

made and compiled in the time tables of the MTM-1 database (as described in Chapter 3.3.2.1). The 

reference tempo used is 100% performance speed, reflecting what the average operator should be able to 

perform under normal conditions. In the Basic Engineering Time concept, times from the MTM-1 

database are being used for defining the ideal time concerning manual operations. 
 
Ideal time within tool-based operations 
Tool-based operations consist of work being performed by motor-driven tools, where the tool 

performance usually is the factor which limits the time duration of an operation. Then, the ideal time is 

defined by the best tool available on the market for performing the given operation. In some cases, the 

factor limiting how fast the operation may be performed is the material properties of the product. E.g. 

when tightening a screw joint, the material may be ruined if applying full torque at once, hampering the 

material adaption which requires some time (S5, 2013). Hence, both aspects (machine speed limitation and 

material constraints) have to be taken into consideration when setting the ideal time for a tool-based 
operation.  
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For the tool-based operations in this case study, which mainly are screw tightening operations, tool data 

for the best available tool (within each segment of tools used in the assembly line) was used.  

 
Ideal time within movement 
As for manual operations, movement also consist of human motions and is ultimately limited by the speed 

limitations of the human body, hence the MTM-1 database is used for defining the ideal time duration of 

movement. However, the most important variable which affects the time duration of movement is the 

distance which the components are moved. Hence, in order to be able to set an ideal time duration for 

movement, there is a need of setting an ideal distance. The question which arises is how long the ideal 

movement should be since it is difficult to set a universal rule of thumb.  

The important note is that some movement is considered as necessary (contradicting the Lean 

philosophy) and should hence be attributed a certain Basic Engineering Time. The ideal time is depending 

on an ideal distance, which is not universal but should be set to reflect the target of the specific company 

using the Basic Engineering Time concept, and the ideal time may then be calculated using on the data 

from the MTM-1 database. 

 
Ideal time within administration 
Administration is non-assembly related work performed during the work cycle, typically handling the 

orders, stamping the quality guarantee (“right from me”) or pushing a button for confirming that the work 

content was carried out correctly. Since administrative tasks are not assembly related operations driven by 

the product design, and cannot directly be affected by the R&D department, they are not attributed with a 

Basic Engineering Time. From an assembly related work content standpoint the ideal administration time 

equals zero and is thereby set to zero in the Basic Engineering Time concept.  

4.2.3 Breaking down the Work Content into Modules 
In order to be able to work with the Basic Engineering Time concept in practice, there was a need to 

define some kind of work content elements, constituted by isolated pieces of work content small enough 

to be exactly defined yet large enough to be of practical use. Hence, within each work category, modules 

should be created reflecting the work content of the assembly line under evaluation. The modules should 

reflect the work content described in a minimalist fashion, consisting only of the motions or operations 

which are truly essential to perform the work content. The larger modules, the faster mapping of the 
process.  

The ideal times for the modules within the different categories was being set as described in the previous 

section. In order to create a user friendly modular database, it should be avoided having more modules 

than necessary. The modules ought to be as “general” as possible for recurrent use, if possible without 

reducing the accuracy. The approach used for the purpose of the case study was to create a basic database 

with general recurring modules, and then complement it with more specific custom modules where 

required. The modules created was based on the work content of the performed case study, so if to be 

useful at other assembly lines, the modules might have to be customized to fit the specific prerequisites.  

 
Manual operation modules 
The manual operation modules consist of combinations of the simple human motions which are being 

described in the MTM-1 database (reach, grasp, move, turn, apply pressure etc.). The work content was 
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being broken down into the simple human motions and then put together into modules, consisting of 

combinations of simple motions.  

An example of a manual operation module, which is general and recurring, is position and enter a screw or nut 

using one hand. After the previous movement module is carried out (transporting the screw to the 

assembly), the manual operation of assembling the screw may be described by the following human 
motions: 

1. Position the screw or nut which means bringing the surface of the screw or nut in contact with the 

assembly. Knowing that the positioning is symmetrical and no pressure is required, the ideal time 

duration for the positioning is 5,6 TMU according to the MTM-1 database. 

2. Turn the screw 4*180o, equaling two full laps in compliance with the assembly guidelines of Scania. 

The corresponding human motion is turning the wrist 180o four times with a component 

weighting less than 1 kg. According to the MTM-1 database, each turn should take 9,4 TMU, 
making four turns 37,6 TMU. 

In total, the ideal time duration for entering and positioning a screw or nut should be 43,2 TMU, which 
equals 1,6 s. 

In a similar way, a list containing all necessary manual operation modules was created. For being able to 

describe the manual work content from the assembly line of the case study, 25 modules were created. Of 

those modules, about 15 were of a general character, while 10 were more specific and rarely used. The 

general modules were included in the basic module list which is predefined in the Basic Engineering Time 

software, while the specific ones were not.  

 
Tool-based operation modules 
The tool-based operation modules consist of isolated tool operations, during which the work is being 

performed (and the engine is running). Using the same approach as for the manual operation modules, the 

work content being performed by the usage of motor-driven tools was identified. The tool-based 

operations in the case study consisted mainly of different screw joint tightening operations. However, 

when it comes to screw tightening operations, the operations had to be split up in two parts: 

1. The transportation down the threads with low torque until reaching “snug level”, where the 

surfaces of the screw or nut and the intermediate material get in contact. Down to this level, it is 

mainly the maximum spindle speed of the tool which limits the ideal time duration and the joint 

itself can withstand quite high speed (S5, 2013).  

2. The torque tightening is when snug level is reached and the material is being deformed. The joint 

requires some time to adapt to the pressure in order to endure the deformation without negative 

consequences concerning durability. Since the tools normally are able to apply the final torque 

faster than the joint allows it is the properties of the joint which ultimately limit the ideal time for 

applying the torque (S8, 2013). The main factors affecting the speed limit for applying the torque 

are (S8, 2013): 

a. The final torque 

b. The number of components within the joint and their surface and material properties 

c. The character of the joint, as if it is mute (turning 30o) or soft (allowing turning up to 
720o) 
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As there are so many factors affecting the ideal time duration for a torque tightening operation, it is 

difficult to create a list to cover all possible cases without being extremely long. However, such an 

investigation ought to be done, identifying how each variable affects the ideal torque tightening time and 

creating guidelines (possibly simplified) for the most important cases. Establishing such a database could 

enhance the communication between the assembly department, the R&D department and the tool 
provider.  

Due to lack of time for performing the total investigation proposed, a simplification was made in order to 

cover the screw tightening operation observed in the assembly line where the case study was performed. 

Since the final torque is limiting the choice of tool (the higher maximum torque, the lower spindle speed 

even at lower torque), the screw joint tightening operations are being classified by their final torque. Given 

the final torque, it is known which tool is required (from the tool list with the best tool per category, 

previously created). First, the ideal time of the transportation part of the tightening operation is being 

calculated as the number of threads divided by the maximal spindle speed of the chosen tool. Next, the 

torque tightening is being added. Depending on the final torque required, the ideal time duration for a 

“plain” joint is used. Next, a few additional modules have been created for adding time in case of 

aggravating circumstances, e.g. poor surface properties, additional component within joint, or hidden 
angle.  

An example of a tool-based operation is tightening a screw joint with 20 threads and a final torque of 500 

Nm. Given the final torque, the reference tool which will be used is Tensor ETD ST101-500-20 from Atlas 
Copco. Its spindle speed is 204 rpm and maximal torque is 500 Nm.  

1. The transportation down the threads, with little torque, will be made at full speed (204 rpm) making 

5,9 s for 20 threads. 

2. The torque application will be made as a two-step tightening of a plain joint reaching 500 Nm for 

which the reference time is 1,8 s (based on the composing-graph of the joint type; Swedish 
Fasteners Network, 2013). 

This adds up to a total time duration of 7,7 s for tightening the screw joint. Using this approach, the 

operation has to be split up in two modules. If the number of threads are the same at all screws (or if 

there are only a few variations), it would be possible to combine the transportation and the torque 

application to one module (classified by final torque). However, at the assembly line where the case study 

was performed, the number of threads varied between all work stations and hence the tightening 

operations were divided into two separate modules (with the possibility to include the previously 
mentioned additional modules if suitable).  

The more scientific investigation earlier proposed ought to be performed in order to conclusively find the 

relation between the three mentioned variables and hence increase the accuracy in setting ideal times at 

different screw joint tightening. The modules related to tightening a screw joint may be seen as general 

and were constantly recurring during the mapping at the assembly line. Therefore they were included in 

the basic module list while the other modules for specific tool-based operations were not.  

 
Movement modules 
Each assembly operation has to be preceded by the moving of the components and tools (if required) to 

the assembly position. Just like the manual operation modules, the speed of the movement modules is 

limited by the speed limitations of human motion. The movement operations are being broken down into 
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the human motions which may be found in the MTM-1 database and the corresponding times are 

constitutes what is considered ideal time of the movement modules. The movement modules generally 

consist of the combination of the motion types reach, grasp and move, where distance and weight of 

component moved are the primary variables. Hence, there was a need of defining an ideal distance. After 

observations and discussions with the line managers, it was agreed that ideally the operators should have 

all necessary equipment and components within reach at any given time, reflecting the logistic array the 

organization strives for. In this case a strike zone was established, defined as a half globe with its center 

being at the operator’s hands in a relaxed position in front of his body. Aligned with the definitions from 

Scania Ergonomic Standard (SES), the maximal recommended distance for a reach (in our case 47 cm) was 

chosen as the ideal distance for performing a movement of any given component or tool. Within this 

strike zone, the operator is able to reach, grasp and move items without having to walk, bend, stretch nor 

turn his body. This approach is practical, but might be considered a simplification of the reality. How 

short the distance can get is a function of space, which depends of two main variables: the size of the 

component and the number of variations required available at any given time. Hence, a more sophisticated 

approach would be to have different ideal distances attributed to the different products based on these 
two variables (see recommendation for further work). 

An example of a movement module from the list established for the case object is getting one screw or nut 
which normally is preceding the positioning and entering the screw or nut module. 

1. Reach for the screw or nut, with distance set to 47 cm (strike zone) the reaching movement has a 

duration of 12,9 TMU according to the MTM-1 database.  

2. Grasp the screw or nut is the action of closing the fingers around the component, with a attributed 

time duration of 2,0 TMU. 

3. Move screw or nut, again with the distance set to 47 cm and the weight of the component set to less 
than 1 kg, moving the component to the assembly position will take 15,9 TMU. 

Summing the times of the constituent motions, gives the ideal time 30,1 TMU (1,1 s) for the whole 

module. In a similar way, the necessary list of modules for describing the movement operations observed 

at the assembly line were created, resulting in 19 modules of which about 13 were general and recurrent 

and hence added to the basic module list.  

 
Administrative modules 
As mentioned earlier, the administrative work content is not driven by the design of the product and the 

Basic Engineering Time is set to zero. However, one administration module was created in order to be 

able to label the administrative work observed at the assembly line in the right work category. Any 

administrative task would be assigned to the same label without further classification.  

Though, if there is valid reason for performing some kind of administrative work which can be proven to 

be necessary due to the product design, it would be possible to create an administration module with a real 

ideal time (where the work content is being treated as a manual operation combined with movement). 

However, that was not the case at the assembly line where the case study was performed and hence no 
such module was created.  

4.2.4 Method for Implementing the Basic Engineering Time Concept 
When implementing the Basic Engineering Time concept on an assembly line, in order to be able to 

measure the Basic Engineering Time of the product and the efficiency of the current process, a sequence 
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of steps needs to be performed. The implementation requires a software, which has been developed and is 

explained in Chapter 4.2.6. Before the real process mapping may start, however, the software has to be set 

up with the custom modules required for describing the work content of the assembly operations. A 

method has been developed for implementing the Basic Engineering Time concept, containing the 
following sequence of actions:  

1. Map out the work content per position on a modular level 

For each position in the assembly line, identify the work content on an operational level corresponding to 

the operations mentioned on the element sheet. Insert those operations in the left column of the 

worksheet of the Basic Engineering Time software assigned to the respective work station. This helps the 

user keeping track of what part of the operational sequence the modules belong to. Next, the operations 

have to be broken down into modules according to the available list. Each operation (e.g. assemble 

component A) consists of several modules (e.g. get component A - position component A - get 6 screws - 

enter six screws manually - get screw-driver - tighten 6 M12 screws with 20 threads using the screw-driver 

- return screw-driver). The modules which constitute the operations should be typed in the second 

column of the worksheet. In the third column, the identification number corresponding to the module 

should be chosen from the scroll list. The code allows the program to identify the module. Next, the 

numbers of modules are chosen. Default mode is one, but a number is filled in if the same module is 
repeated several times, e.g. when handling and entering several screws. Figure 22 illustrates this. 

 
        Figure 22. The software interface. 

2. Generating the Basic Engineering Time  

Once all the modules have been entered along with their respective identification code and numbers, the 

reference time duration (the ideal time) for each module is auto-generated in the second rightmost 

column. The codes for the modules which are manual operations begins with M, tool-based with T, 

movement with G and the only administration module has code Admin (with a BET-reference time of 0 
seconds). 

The reference times is, as previously mentioned, based on the MTM-database of time duration for 

different kind of human motions, where the combination of different motions constitutes each module. 

The only variable that may be changed by the user is the chosen tempo. The default tempo is the 100% 

performance speed, but may be changed by the user, which affects the ideal time for the manual operation 
and movement modules (which are defined by the operator’s speed of motion). 
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It is worth noticing that the required operations, the modules and hence the Basic Engineering Time may 
be calculated at an early stage of the design process, before the product is taken into production. 

3.  Measure the current time duration at the assembly for each module 

For each of the modules, measure the corresponding time duration at the assembly line and enter the 

values in the rightmost column. The number of measurements that should be taken for each module may 

be calculated using the formulas in Chapter 3.3.1, which depends on the desired level of confidentiality. 

The time measurement may be done either in real time at the work stations, or by analyzing recorded 

videos of the performed work. Since the modules generally are small (from some tenths of a second to a 
few seconds), analyzing video recording was found to be the most time effective approach.  

There could be some discussion regarding how the times should be measured, hence the transition points 

between two types of action, e.g. when the “Getting equipment or components” stops and the manual- or 

tool-based operation start. Below, Table 8 summarizes the transition points when measuring the time 

duration of the modules. The measurability of the modules was considered to be very important, in 

alignment with the pragmatic approach, and the following definitions of start and end points of the 

different types of modules were chosen (aiming to be as distinct as possible): 

Type Start Finish 
Manual operation When the interfaces of the two 

components or the component and 
the manual tool are in first contact. 

When the manual tool or 
the operators hands are 
released from the interface 
of the component being 
assembled.  

Tool-based operation When the interfaces of the tool and 
the component are in first contact. 

When the machine loses 
contact with the 
component. 

Movement When starting a motion aiming to get 
a component or tool.  

When the interface of the 
components or the tool and 
component are in first 
contact (hence when the 
operation starts).  

Administration When the previous manual or tool 
based operation stops, and the 
operator starts to perform an 
administrative task (e.g. concerning 
the order). Movements associated 
with the administrative work are also 
considered administration. 

When the operator lets go 
of the non-product-related 
material/equipment.  

Table 8. Start and finish points of modules. In order to maintain consistency in measuring the time durations of the 
different modules, these guidelines for separating one module from the next should be used.  

 

4. Summarizing the total times 

When the measured time durations corresponding to each modules have been inserted, the table in Figure 

23 is auto-generated, summarizing the time duration of the whole work content divided into the four 

categories (M, T, G and A). The Basic Engineering Time for each category is shown in the leftmost 

column and the corresponding measured times are shown in the rightmost column. The Basic 
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Engineering Time represents the assembly time driven by the product design and could be reached by 

having an ideal assembly process (standardized work, components within strike zone, the best available 

tools and no administration during the assembly). The difference between the measured time and the 

Basic Engineering Time equals the improvement potential of the assembly time for the given product 

design per category. The difference between the two times is referred to as “the gap”. In the last row the 
total Basic Engineering Time, the measured time and the gap for the work station is being summarized.  

 
Figure 23. Software interface; summary of the measured time, Basic Engineering Time and gap per category. 

 
5. Visualize the time duration within each category: 

At the same time, Table 24 is auto-generated based on the times which were entered in the work content 

sheet. The bar shows the total time duration divided into the four categories, with the Basic Engineering 
Time shown in deep blue and the gap in pale blue. The unit on the x-axis is seconds.  

 
Figure 24. Software interface; visualization of the measured time, Basic Engineering Time, and gap per category. 

6. Analyze the result. 

The summary of the Basic Engineering Time equals the assembly time (for the work content of the work 

station) driven by the product design, hence controlled by the R&D department. In order to reduce the 

Basic Engineering Time, the design of the product has to be changed (fewer components or better 

designed components from an assembly standpoint).  

The gap equals the improvement potential of the current process. The gaps have different drivers within 

the different categories and may only be affected by the assembly department, as seen in the following 
chapter.  

4.2.5 Reducing the Basic Engineering Time and Gap 
After mapping out the Basic Engineering Time and the gap, work to reduce them both may start. 

Basically, the Basic Engineering Time may be lowered by re-designing the product, which is the task 

assigned to the R&D department, and the gap by optimizing the current assembly process, which is the 

task assigned to the assembly department. Based on the drivers, the techniques for reducing the Basic 

Engineering Time and the gap differ between the categories.  
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Manual operations 
The manual operations consist of work content which may be described as human motions. The Basic 

Engineering Time within the manual operations is the sum of the times from the MTM-1 database 

corresponding to the human motions which defines the manual operation work content. The Basic 
Engineering Time may only be lowered by reducing the work content, which may be done in two ways: 

a. Reducing the number of components by using larger, more complex components, which will 

result in fewer assembly operations, and hence fewer modules (see Chapter 3.2.1 for guidelines).  

b. By enhancing Design for Assembly, making the components easier to assemble and hence 

lowering the ideal time per operation, keeping the same number of modules but making them 

simpler e.g. through enhancing better handling properties and by avoiding hidden angles (see 
Chapter 3.2.1 for guidelines).  

The gap is the difference between the time the stripped manual work content (the best practice) would 

require based on the MTM-1 database and the time duration of the manual work in the current process. 

They key reduce the gap concerning manual operations is following the best practice which the modules 

prescribe, not performing any unnecessary motion. There are two ways to reduce the gap in manual 
operations: 

a. Standardization of methods. Establish a best practice based on the minimum required motion 

(for each module), which should be followed.  

b. Educate the operators in basic assembly skills in order to increase the accuracy, speed and 

standardization of the operations. 

 
Tool-based operations 
The tool-based operations are being defined as the work content requiring a motor-driven tool, where the 

best (fastest) available tool for each given task is being used as a reference to define ideal time in cases 

where the tool performance is the limiting factor. In cases where the tool cannot be used at full speed due 

to design constraints, the design constraints (typically screw joint properties) are defining the Basic 

Engineering Time. The Basic Engineering Time in tool-based operations may be reduced by the following 

actions: 

a. Reduce the number of operations which need to be performed by reducing the number of 

components (making the components larger). 

b. In the cases where the material property constraints are limiting the allowed speed, re-design for 

better withstanding.  

c. Make sure the tool-based operations may be performed maintaining a good accessibility and 
beneficial angling of the tool. 

The gap in tool-based operations is due to either not having the best available tools or not using the 
existing tool optimally. The two ways of reducing the gap in tool-based operations are hence: 

a. In case the current tool has lower performance the reference tool, upgrade the tool. 

b. In case the current tool is not used optimally, start using its full potential. 
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Movement 
Movement consists, just like the manual operations, of human motions. Ideal time is therefore limited by 

the human speed of motion, and ideal times can in this case also be based on the MTM-1 database. The 

two variables affecting the Basic Engineering Time per movement module is the distance and the weight 
of the component. The movement Basic Engineering Time may be reduced in the following ways: 

a. Reduce the number of components and hence reduce the number of movements which have to 

be performed (see Chapter 3.2.1 for guidelines).  

b. Make the component lighter, allowing the movements to be performed faster.  

c. Reduce the number of variations of the components, allowing placement closer to the assembly 

position. For the moment being not taken into account since the strike zone is the same for all components, not 

considering the size or number of components. In order to be able to quantify the impact of variations on the ideal 

distance, the proposed investigation for further work has to be carried out. 

Since movement consists of very simple motions, the skill of the operator is not a huge component, unlike 

the case of the manual operations. The only way to reduce the gap in movement is increasing the 

accessibility to the components and tools by moving them closer to the operator, where the given strike 

zone if the target distance.  

 
Administration 
The administration is not attributed with a Basic Engineering Time since it is not a matter of design and 

hence cannot be affected by the R&D department. The gap in the administration (all administrative tasks 

are considered pure gap) is due to the order handling and confirmation of well performed work content 

(“right from me”), which is performed manually. The gap may be reduced by reducing the need of 

manually performed administrative tasks during the assembly process, e.g. by enhancing poka-yoke 

solutions making it impossible to perform the assembly faultily (without having to double check in the 

order paper) and using electronic confirmation systems based on automatic quality control, not requiring 

the attention of the operator.   

Figure 25 summarizes how each of the two departments may affect which time components of the Basic 

Engineering Time and Gap diagram. 

  
 

 

 

Figure 25. Summary of the methods for affecting the different time components of the Basic Engineering Time and Gap. 

Assembly department 
- Standardization of working 
- Basic Skills 
- Investment in new equipment 
- Better use of current equipment 
- Material closer to the operator 
- Reduce need of administration 

R&D department 
- Design for assembly 
- Reduce number of components 
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4.2.6 The Basic Engineering Time Software 
For working with the Basic Engineering Time concept in practice, a VBA-based software was developed, 

allowing the user to perform the sequence of steps described in section 4.2.4. With the right input from 

the user, the Basic Engineering Time and gap for each work station, as well as for the total, will be auto-

generated and visualized. The software was aimed to be as self-instructive and user friendly as possible. 

New requests concerning functionality and layout were continuously given from the managers during the 
development process before the final version evolved.  

The Basic Engineering Time software was proven to be a useful tool for implementing the Basic 
Engineering Time concept at an assembly line.  

4.3 The Implementation that was Conducted 
The Basic Engineering Time concept was implemented at the assembly line of rear axles by the evaluation 

of two products; one rear axle and one hub (made in a pre-assembly). The rear axle assembly contained 30 

work stations and the hub assembly contained 6 work stations. Hence, in total 36 work stations were 

being evaluated using the Basic Engineering Time Software. Due to the request for secrecy from Scania, 
the results from the implementation are not being published.  

4.4 Discussion  
Discussions of the different aspects of the Basic Engineering Time concept. First, the practical usefulness 

of the Basic Engineering Time concept is being evaluated based on the findings from the implementation. 

The social and ethical aspects are being discussed as how the employees being evaluated are affected by 

the concept. Next, the philosophical assumptions concerning improvement potential within the Basic 

Engineering Time concept is being positioned against the philosophical assumptions within Lean 
Production.  

4.4.1 Usefulness of the Basic Engineering Time Concept and Method Based on 
the Implementation 
The implementation of the Basic Engineering Time concept turned out to be successful concerning 

defining the work content using modules. The module concept is very suitable for evaluating work 

content consisting of mainly “simple” motions where it is possible to maintain full speed during the whole 

activity, making the maximal moving speed the limiting factor, which was the case at the assembly line 

where the case study was performed. However, for activities requiring more intuition, making it 

impossible to maintain full speed, the Basic Engineering Time may not be set as a combination of simple 

motions from the MTM-1 database. However, in the Basic Engineering Time mapping which was 

performed, approximately 95 % of the work content could be described using modules, which may be 
considered a success. 

Dividing the work content into modules turned out to be quite easy with few conflicts regarding which 

module to use. There were no conflicts regarding which category any operation belonged to, which 
indicates that the four modules are sufficiently distinctly defined.  

Creating the modules yourself, and always having the linking to the basic data defining the ideal time, has 
the following positive advantages compared to other PTMS: 
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- High level of transparency: the user can always see exactly what the modules consist of and where 

the times come  from and thereby you can make sure that you are using the right module. 

- By creating your own modules, you are forced to understand the work content on a very basic 

level, establishing an understanding for the process.  

- The modules may be as custom and specialized to any extent, allowing an infinite number of 

variations.  

- The user may decide the desired level of complexity of the module database, creating many highly 
specific modules or staying with the basic list containing the general pre-defined modules.  

Using the Basic Engineering Time Software, the mapping process turned out to be highly time efficient. 

During the mapping of the 36 work stations, on average 100-200 s of work content was evaluated per 

hour (comparable times are 11, 36 and 108 s for MTM-1, MTM-2 and MTM-3 respectively; Zandin, 
2003). 

Finally, if you are conservative and only want to contemplate the pure mechanical work content, it may be 

done by only taking the manual and tool-based operations in regard, ignoring the movements and the 

administration. However, in doing so you will miss the point of understanding how fast the assembly 
ideally may be performed taken all aspects in consideration.  

4.4.2 Social and Ethical Aspects – Implications for the Operators 
Evaluating  the efficiency of an assembly process, the result will most likely show that there is a gap that 

could be reduced. If decision is taken to reduce the gap (based on the evaluation), the operators working 

in the assembly line will be affected. Used faultily, by only telling the operators that the investigation has 

shown that the process may be performed faster and expecting them to work faster to compensate for the 

gap, the Basic Engineering Time concept might have negative consequences. However, the Basic 

Engineering Time is based on a certain reference tempo, suggesting that it may be reached without working 

faster than the reference tempo (performance rate 100 % as default), but focusing on following the best 

practises which the modules are reflecting. Hence, the Basic Engineering Time is not to be used as a tool 

for stressing the operators, but enhancing the usage of the best practises and practising basic assembly 

skills. Used the right way, the Basic Engineering Time will not have any negative consequences for the 
operators.  

Since all times concerning human motions are being defined from the MTM-1 database, which is very 

transparent due to the basic types of motions, the Basic Engineering Time could also imply that the 

operators are working too fast. Then, the tool might be used to demand a slower tempo. The ideal time 

should reflect what the company should be able to require and what the operators should be able to 

perform, maintaining a high quality and without risking work related injuries. Deviations in either 
direction should be eliminated.  

The Basic Engineering Time is primarily a tool to be used by the managers and technicians, for helping 

them aiming the improvement work to where the potential is the greatest and as a communication tool 
towards the R&D department, and not as target for the operators working in the assembly line.  

4.4.3 Philosophical Assumptions 
In the Lean philosophy, focus lies on the customer and the efficiency is being evaluated as to how large 

share of the time duration in the assembly process contributes to adding customer value to the product 
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(Dale et al., 2007; Melton 2005; Womack & Jones, 2003; Lewis, 2000). The share of value-adding time is 

the ultimate measure and the goal is to continuously reduce the waste; the non-value-adding time. 
Everybody working in the assembly line should be involved and committed to the improvement work. 

However, in the Basic Engineering Time concept a different approach is being taken. The assumption is 

that there is a best way to perform each given operation and that it is possible to define exactly how the 

work content should be performed, why the Basic Engineering Time reflects the limit which ultimately 

may be reached but not bypassed in the assembly process. Since the Basic Engineering Time is based on 

best practises, which may be described unambiguously, it suggests that the improvements does not need 
to be made continuously and slowly but could be abruptly and momentarily.  

Critics could argue that the Basic Engineering Time does not take the creativity of the operators into 

account, but letting the managers define the best practises, the same criticism that was given to the 

Scientific Management. However, Basic Engineering Time does not contradict the involving of the 

employees in the improvement work. The Basic Engineering Time may be utilized as an indicator of how 
much further the continuous improvements might reduce the assembly time. 

Synergies may be gotten from combining the Lean production with the Basic Engineering Time concept; 

while the continuous improvements increases the overall efficiency, the Basic Engineering Time indicates 

the potential positive outcome of different specific improvement actions and help focusing the resources 
to where the possible impact is the greatest.  

4.4.4 Economical Aspects 
By being able to quantify the impact on the assembly time of a certain design choice (and translating it to a 

direct cost), it is possible to compare the assembly cost to the material cost, making decisions which are 
preferable for the company from a holistic point of view.  

Also, the Basic Engineering Time should be used as a tool for identifying the improving potential of the 

current assembly processes. Hence, applying the Basic Engineering Time concept will help companies 

improve the cost efficiency both in short term (improve current processes) and long term (base design-
choices on the total cost impact) and therefore increase competitiveness.  
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5 Conclusion 
In this chapter, the findings and the result of the performed work is being summarized. Next follows the 
summaries of the conceptual and the empirical contributions.  

5.1 Summary 
The main purpose of this thesis has been to establish a method for identifying the assembly time which is 

driven by the product design – namely the Basic Engineering Time – in order to facilitate the 

communication between the R&D department and the assembly department. A case study was performed 

at one of the assembly lines of a truck manufacturing company, well reputed for its far developed Lean 

Production work. The study included observing the work content which was conducted in order to 

understand the conditions, limitations and needs at an industrial assembly process. Interviews were 

conducted, both with operators to better understand their situation and work routines and with managers 
to understand the layout of the assembly process.  

The key point for establishing a method for identifying the Basic Engineering Time is the understanding 

of what ideal time is and how being able to measure it. The observations of the work being performed at 

the assembly line led to classifying of work into four categories based on the drivers of the time 

consumption for each given activity. The four categories are manual operations, tool based operations, movement 

and administration and they may be used to describe the work content of any given assembly work station 
mutually exclusively and collectively exhaustively. 

Within the categories, ideal times for given operations can be determined in a similar fashion taking 

certain variables into account (such as distance of reach, type and level of complexity of human motion, 

tool limitations or material restraints). Modules, corresponding to a determined work content, were 

created as combinations of motions or tool based operations. Each module was attributed with an ideal 

time duration, reflecting the natural limitations which prevents the activity from being performed even 
faster (e.g. human motion speed limitations or tool performance limitations).  

By knowing the components of a product, the work content which is required to assemble the product 

may be measured. The work content may be described as sequence of modules (each attributed with an 

ideal time duration) and hence the ideal time for the whole assembly, which is driven by the product 

design, may be calculated. That time is here called the “Basic Engineering Time” and is product specific 
and constant, independent of the layout of the assembly line.  

When evaluating the relative efficiency of an assembly process using the Basic Engineering Time concept, 

the work content is being mapped out and the corresponding sequence of modules is being generated. 

The Basic Engineering Time, equalling the sum of the time durations of the involved modules, is being 

compared to the current time duration at the work station for performing the work content. For each 

module, the time duration of the corresponding work content is being measured and compared. The 

difference between the Basic Engineering Time and the measured time is referred to as the “gap” (positive 

when the measured time exceeds the Basic Engineering Time), indicating the improvement potential. The 

more efficient assembly process, the smaller gap. The gap may be contemplated at either a modular level 

for showing the improvement potential of the given activity, at the category level indicating which type of 

improvement actions would have the greatest possible impact, or the total gap for getting a measure of 
how efficient the assembly process is relative to others.  
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In order to make the Basic Engineering Time concept a practically useful tool, a VBA-based software was 

developed, allowing the user to evaluate an assembly process. Emphasis was put on making the software 

user-friendly and functional. After inserting the sequence of modules describing the work content and the 

corresponding measured time durations, the Basic Engineering Time and gaps are being auto-generated 

and visualized. Also, the program calculates and visualizes the occupancy rate and the balancing over 
capacity due to different work content required for the different product variations.  

By using the Basic Engineering Time concept, it is possible to measure the impact on the assembly time of 

specific design choices in the product, even before taken into production. Hence, the Basic Engineering 

Time might be used as a tool for facilitating the communication between the R&D department and the 
assembly department. 

5.2 Conceptual Contribution 
The Basic Engineering Time concept distinguish itself from other evaluation tools in some ways. First, the 

ideal times are based on the work content as opposed to the current process. Next, breaking down the 

assembly time in four categories based on what drives the ideal time, enhances the understanding of the 

characteristics of the work content and which types of improvement work might have the greatest impact. 

Moreover, the motions aiming to transport the components and tools to the assembly position are being 

considered “necessary” (as opposed to value-adding) in order to perform the work content and are hence 

attributed a certain ideal time duration. In working with the Basic Engineering Time concept, custom 

made modules are being created by the user allowing great flexibility and customization. Finally, since the 

required work content may be calculated based on the components, the Basic Engineering Time may be 

calculated at an early stage (before actually being taken into production).  

 
Basic Engineering Time is being based on the work content 
When evaluating a process using VSM or PFD, focus lies on identifying where value (from the customers 

standpoint) is being created (Rother, 1999; Olhager, 2000; Liker, 2006). The time duration is divided in 

value-creating time and non-value-creating time (waste), and when working with continuous 

improvements according to the Lean manufacturing techniques the main goal is to reduce the waste. 

However, since this approach does take neither the human constraints nor tool limitations in 

consideration, it doesn’t tell us anything about how fast the product could actually be assembled. The 

value-creating time does not equal a reachable ideal time duration. Hence, when a VSM is established, 

providing how much of the time is value-creating and how much time is non-value-creating, the question 

of much further we can improve by reducing waste still remains. Value-creating time simply does not give 

a fair image of how efficient a process is (software evaluating processes based on value-creating time tends 

to have very strict criteria for what is considered value-creating, making the processes look rather 

inefficient). In the Basic Engineering Time concept, the inverse approach is taken.  It aims to give a fair 

view of how efficient a process is based on the work content which is required to perform the assembly 

operations, not taking value-creation into consideration. Since ideal time in the Basic Engineering Time 

concept takes into account human speed constraints as well as tool- and component limitations, it is 

meant to represent a reachable ideal time duration.  
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Dividing the work into categories depending on driver of the ideal time duration 
In the Basic Engineering Time concept, the time duration is being divided into four different categories 

depending on the driver of the time. Each time component is being considered separately, having both an 

assigned Basic Engineering Time and the corresponding measured time, permitting the gap to be 

measured within each category. The drivers of the ideal time duration are presented in Table 9: 

 
Category Primary driver of ideal time duration 
Manual Operations Skills of operator and standardized working 
Tool-based operations Tool performance and material constraints 
Movement Length of movement 
Administration None 

           Table 9. Summary of drivers of time per work-type category. 
 
Looking at the time components divided in these categories (and identifying the gap per category) allows a 

quantification of the possible impact of the different types of improvement (practice basic skills, investing 

in new equipment, moving components closer to the operator, reduce administrative work during 

assembly), accepting the Basic Engineering Time as the reachable ideal time. Again, since VSM/PFD do 

not take the given prerequisites in consideration, even if it is possible to identify the waste (non-value 

adding time) within the same categories, it is not possible to quantify the true improvement potential, as 

may be done using the Basic Engineering Time concept. 

 
Bringing the logistical operations justice 
When measuring value-creating time from the customer’s standpoint, transporting goods are considered 

non-value adding time. However, the Basic Engineering Time is based on the work content required to perform 

the operations. In order to assemble two components, they first need to be brought together. Hence, some 

kind of movement will be required as necessary, which is a bit controversial. Since Basic Engineering 

Time is based on a defined distance (company/product-specific), the Basic Engineering Time and the gap 

will hint the average distance which the components are being moved (and the gap itself indicates the 

possible time gain if moving the components closer).  

 
Creating own modules enables immense flexibility and desired level of complexity  
Creating own modules, designed for a specific product in a specific environment, allows a user friendly 

program with the desired level of complexity. Within the categories the modules should be created as seen 

in Table 10: 

 
Category Modules are composed of 
Manual Operations Combinations of simple human motions with a determined 

ideal time duration from the MTM-1 database 
Tool-based operations The required tool operation using the best available tool as 

reference for ideal time 
Movement Combinations of simple human motions with a determined 

ideal time duration from the MTM-1 database 
Administration Ideal time equals zero; not design related 

             Table 10. Elements which compose the modules of the work-type categories. 

 



 51 

Using this approach allows the creation of general as well as specific modules. Creating your own module 

database allows high flexibility and good accuracy (if well-built modules), and the mapping at a modular 

level is substantially faster than a simple motion MTM-1 mapping (which also lacks the benefit of the 

division in categories based on drivers).  

 
Ability to calculate the Basic Engineering Time for a CAD model 
While the VSM and PFD evaluate a current process, the Basic Engineering Time is being calculated based 

on the required work content, regardless of the current process. Hence, the Basic Engineering Time may 

be calculated at an earlier stage, even at the CAD model level, since Basic Engineering Time should be 

considered a product attribute as a function of its constituents. Applying Basic Engineering Time at a 

stage where the product is digital allows the user to compare and quantify how different product design 

affect the assembly time (representing a measurable cost). Hence, the assembly time might be a measurable 

variable to consider at the design stage. 

5.3 Empirical Contribution 
The Basic Engineering Time concept has some positive practical implications. The categorization of work 

based on drivers, helps understanding where the improvement potential lies. Next, by quantifying the 

impact of different design choices on the assembly time, the communication between the R&D 

department and the assembly department might be facilitated and more objective. The possibility of both 

using the “basic module database” with custom modules allows great flexibility and accuracy. The 

software that was developed realizes the method for using the Basic Engineering Time concept, making it 

easy for companies to adopt and start using the concept. Finally, the Basic Engineering Time – Gap ratio 

may be used a performance indicator, indicating the relative efficiency of an assembly process.  

 
Indicating the potential impact of different types of improvement actions 
By dividing the Basic Engineering Time in four components based on drivers, it is possible to quantify the 

possible positive outcome (reducing the gap) of affecting the different drivers, helping to focus the actions 

to where the impact is the greatest. E.g. moving components closer to the operator will help reduce the 

gap in movements but leave the other three gaps unaffected. Equally, by practising basic assembly skills 

the gap in manual operations will be reduced, and by investing in new equipment the gap in tool-based 

operations may be reduced, leaving the remaining gaps unaffected. Using the Basic Engineering Time 

concept on a current process will help focusing the improvement actions to where the usefulness will be 

the greatest. Focus lies on reducing the gaps, in order to reach our full potential in the assembly process. 

Hence, instead of considering waste (anything not adding to the customer value in Lean manufacturing) we 

are concerned about the time gap between our current performance and the ideal performance given the 

design constraints (not considering customer value).  

 
Facilitating the communication between the R&D and the assembly department 
By using the Basic Engineering Time concept, it is possible to measure which department accounts for 

which part of the assembly time: 

The Basic Engineering Time is product specific and is affected thoroughly by the R&D department. The gap is process 

specific and is affected thoroughly by the assembly department.  

A predominant aspect is the ability to think of different designs and component choices as not only 

favourable or unfavourable for the assembly department, but actually quantify the impact on the assembly 
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time which may be translated into a real cost to be weighed against the material cost. Single components 

may be assigned a Basic Engineering Time since the work content required for assembling each specific 

component is known (or may be determined). Hence, using the Basic Engineering Time concept will 
make the communication between the two departments a more objective. 

Also, as mentioned in Chapter 5.1.5, it is possible to assign a Basic Engineering Time to a product already 

at a design stage, allowing the (quantitative) discussion concerning design choices impact on assembly time 
to take place during an early development stage, before design changes would be very expensive.  

On a side note, Basic Engineering Time easily could be attributed to an existing product by evaluating its 

constituents, which allows an assembly time comparison with competitors corresponding products (if 

available). Having calculated the Basic Engineering Time of a competitor’s product (or your own product 

on a CAD stage), by knowing your current BET-gap ratio and adding an equal proportion of gap to the 

product being evaluated, an estimation of the assembly time which would be required in your current 

assembly line will can be found.  
 
Using the “Basic module database” combined with custom modules 
A database of custom modules was created in order to cover the work content at the rear axle assembly 

line. The database is composed partly by modules which are general and frequently recurrent and may be 

considered as a “Basic module database” which most likely would be useful at most assembly lines and 

should be built in to the software used to calculate the Basic Engineering Time (see Chapter 5.2.3). Partly, 

in order to cover the whole work content, some highly specific custom modules were created which were 

necessary for the context, but probably nowhere else and should hence not be included in the default 

software.  

Using the basic modules, complemented by the necessary custom modules, allows a time-efficient method 

for evaluating an assembly process with good accuracy where constraints and limitations of human 

motion, tool performance and components are taken into account when setting the ideal time.  

 
Using the Basic Engineering Time software 
In order to establish a method for using the Basic Engineering Time concept in practise, the Basic 

Engineering Time software was developed (based on MS Excel VBA). The program contains the MTM-1 

database and the data for the reference tools which were chosen. Based on this basic modules were 

created, however, still leaving users with the possibilities to create custom modules using the same 

approach (breaking down the operation in its component movements and combine these motions) in 

order to get a sufficient module database to cover the product specific work content. When working with 

the software, each work station is evaluated on its own sheet. The work content for each work station is 

being broken down in into modules. The modules are attributed with a category, an ideal time and an 

identification code. Also, time duration of the work content observed at the assembly station, 

corresponding to the module should be measured and entered.  

The program will auto generate diagrams showing the Basic Engineering Time and gap within the 

categories for each work station, and on the final sheet, a diagram summarizing the whole assembly line 

(all work stations) will be generated. The Basic Engineering Time and the gaps are visualized at different 

levels: for each module, for each category within each work station, for each category of all stations or as a 

final summary. Hence, the Basic Engineering Time may be analysed any desired level and help focusing 

both the strategy (which total gap should we reduce) as the specific improvement actions (where the small 
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actions will have the greatest impact). The program might either be used in its current appearance as a 

standalone software or its functions could be integrated with the current it system and connected to the 

other software for process efficiency evaluation.  

 
Using Basic Engineering Time as management tool 
Being able to divide the takt time in Basic Engineering Time and gap, is it possible to decide which ratio it 

should be between the two. By setting a ratio (e.g. 70-30), which is being accepted as fair by both 

departments, the one department which does not fulfil the guidelines will have to make the greatest effort 

in improving (design or process) in order to reduce the Basic Engineering Time or gap the next time the 

takt time has to be lowered. By constantly being aware of the BET-Gap ratio, both departments will have 

the incitement of continuous improvements.  

5.4 Limitations and Recommended Further Work 
While it is possible to calculate the Basic Engineering Time for an assembly process which may be broken 

down into simple movements where full speed is possible, it is not optional for evaluating processes 
where operations are more depending on sensitivity and intuition, where a lower speed is required. 

Based on required number of variations required and the size (actually volume, but due to difficulties in 

estimating volume, weight is a more practical measure to use) of the component, make guidelines of the 
optional distance. Establish a matrix as in Table 11 with the following format: 

   
Weight [kg] 

         
 

 1 2 5 10 20 

 
1 x x x x x 

 
2 x x x x x 

Variations [#] 5 x x x x x 

 
10 x x x x x 

 
20 x x x x x 

                                  Table 11. Matrix of optimal distance based on the components weight and number of variations. 

Apply the modular system on components: assign all relevant components a number of modules which 
are required to assemble it. 

Make cluster of modules from several different categories, which constitutes the operations on the 

“overall level” in a more standardized way, e.g. to make a good compatibility with the man machine 

charts. Decide which high level operations would be useful to have standardized. May also be helpful for 
deciding Basic Engineering Time during a digital test assembly.  

Integration with the CAD/CAM program, making BET a component attribute.  

Perform an investigation to fully expose the correlations between the maximal torque and the joint 

properties in order to create a formula or matrix showing the optimal time duration for the different kinds 

of screw joints. In doing so, the ideal time for tightening a screw joint could be determined in a more 

sophisticated approach, challenging the tool providers to develop appropriate tools and, once again, being 

able to quantify the impact on the assembly time driven by the design choices (and hence being able to 
quantify the corresponding cost at the assembly side). 

While the assembly department has the Basic Engineering Time to strive for reaching, the R&D 

department are facing the same dilemma as the assembly department was doing before the Basic 

Engineering Time concept was being established: how much further can the design be improved from an 
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assembly time standpoint? The design may be regarded as an outcome of the required product 

functionality. So, what is the shortest assembly time, driven by the product functionality? To answer that, we 

first need to answer the following question: What is the simplest, most stripped design with the highest 

degree of design for assembly, able to fulfill the specified requirements of the current product? The Basic 

Engineering Time of that product would hence be a measurement of the Basic Engineering Time driven 

by functionality as opposed to design. We leave it as a recommendation for further work to develop a 

method for finding the “Basic Functionality Engineering Time” by identifying how much a given product 

may be simplified, maintaining its required functionality. Hence we could add the Basic Functionally 

Engineering Time as a third component in the Basic Engineering Time concept, and the gap between the 

two would equal the reachable improvement potential for the R&D department concerning assembly 

time. 
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Attachment 1: The basic module list 
 

Movement modules 
 

Duration Type Code 
Get component or hand tool 1 kg 

 
1,25 G G1 

Get component or hand tool 5 kg 
 

1,36 G G2 
Get component 10 kg 

 
1,68 G G3 

Get component 20 kg 
 

2,09 G G4 
Get component 30 kg 

 
2,61 G G5 

Get component 40 kg 
 

3,06 G G6 
Get component 50 kg 

 
3,51 G G7 

Get component 60 kg 
 

3,97 G G8 
Get electrical screw driver or machine tool 

 
1,47 G G9 

Get lifting tool 
 

1,83 G G10 
Get one screw or nut 

 
1,42 G G11 

Getting additional screws or nuts using one hand 
 

0,44 G G12 
Getting additional screws or nuts using both hands 

 
0,22 G G13 

Return screw driver 
 

0,89 G G14 
Return lifting tool 

 
1,47 G G15 

Return/place component or hand tool 1 kg 
 

0,68 G G16 
Return/place component or hand tool 5 kg 

 
0,89 G G17 

Fasten lifting tool at component 
 

1,72 G G18 

     Manual operation modules 
 

      
Position component loosely 

 
0,37 M M1 

Position component closely 
 

0,76 M M2 
Position component tightly 

 
1,72 M M3 

Enter washer 
 

0,20 M M4 
Position and enter screw or nut using one hand 

 
1,55 M M5 

Position and enter several screws or nuts using both hands 
 

0,78 M M6 
Position screw driver on screw or nut 

 
0,71 M M7 

Assemble pneumatic hose 
 

0,78 M M8 
Assemble hose clamp 

 
1,17 M M9 

Brush one stroke 
 

0,37 M M10 
Fasten component by screwing (# of laps) 

 
1,06 M M11 

Fold hose (# of foldings) 
 

0,51 M M12 
Engage/disengage pen cap 

 
0,38 M M13 

Mark with pen 
 

0,37 M M14 

     Tool based operations 
 

      
Tightening screw final torque < 100 Nm (# of threads) 

 
0,06 T T0 

Torquing < 100 Nm 
 

0,72 T TT0 
Tightening screw final torque < 150 Nm (# of threads) 

 
0,13 T T1 

Torquing < 150 Nm 
 

1,08 T TT1 
Tightening screw final torque < 230 Nm (# of threads) 

 
0,18 T T2 

Torquing < 230 Nm 
 

1,44 T TT2 
Tightening screw final torque < 500 Nm (# of threads) 

 
0,30 T T3 

Torquing < 500 Nm 
 

1,80 T TT3 
Tightening screw final torque < 1000 Nm (# of threads) 

 
0,60 T T4 

Torquing < 1000 Nm 
 

2,16 T TT4 
Time add due to additional component in joint 

 
0,36 T T5 

     Administration 
 

      
Administration 

 
0,00 A Admin 

Table 12. The basic module which was created contains the most general and current reused modules. 
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Attachment 2: Output sheet from the Basic Engineering 
Time Software 
 

 
Figure 26. Image showing the format of the output from the Basic Engineering Time Software. It shows an overview over the 
efficiency of an assembly process containing one or several work stations and several different measures is shown. The times in 
this example are not related to the case study.  


