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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Since we recognize needs for official training of personnel for the digital age, we expect a skill evaluation method of training skills for 
personnel in production systems design fields. To address this situation, we propose a skill evaluation method for production systems digital 
design with production simulation. The proposed method was developed by the subcommittee of JSME (the Japan Society of Mechanical 
Engineers). The subcommittee consists of experts from industry, the government and universities. The proposed method will promote the 
training of personnel for the digital age as a standard across different industries, taking advantage of production simulation. 
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1. Introduction

Production systems are developing into new forms, 
integrating digital technologies using IoT and other 
technologies. Production system design, in this respect, has 
become much more important than conventional system 
design. 

Companies or organizations provide training programs to 
train their human resources in production system design. In 
this case, however, since those programs are created using 
their own methods for their own objectives, training skills 
standards for human resources across different industries have 
not always been established. 

More specifically, since the current concept of training for 
human resources has been provided based on Kaizen-type 
activities corresponding to specific on-site problems, systems 
that use production system simulation, which are considered 
to be important systems for the future digital age, have not yet 
been made available. Furthermore, since it is expected that 
official training programs will be needed for human resources 

to implement production system design utilizing digital 
technologies to enhance production competitiveness, the 
prompt standardization of training skills for human resources 
in the field of production system design is expected to be able 
to handle this situation. 

To address this situation, we propose a skill evaluation 
method for production systems digital design with production 
simulation. The proposed method was developed by the 
subcommittee of JSME (the Japan Society of Mechanical 
Engineers) [1]. The subcommittee consists of experts from 
industry, the government and universities. The proposed 
method will promote the training of personnel for the digital 
age as a standard across different industries, taking advantage 
of production simulation.

2. Outline of skill evaluation for production system digital 
design skills

Our proposed skill evaluation for production system digital 
design skills consist of three definition items. These are a
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definition of particular field, a definition of skill level, and a
definition of relationship between the particular fields. In the 
following chapters, we describe three definitions.

3. Definition of particular field

We clarify a production systems digital design procedure 
into three design processes as a concept design process, a 
basic design process, and a detailed design process. 

The concept design process is the first stage for the design. 
In the concept design process, we design a production system 
considering five managements as a production systems 
configuration management, a factories synchronization 
management, a global production management, a CPS (Cyber 
Physical Systems) management, and an investment planning 
management. 

The basic design process is the second stage for the design. 
In the basic design process, we design a production system 
considering five managements as a process design 
management, a facilities management, an in-factory logistics/ 
material handling management, a maintenance management, 
and a cost management. 

The detailed design process is the third stage for the 
design. In the detailed design process, we design a production 
system considering three managements as a high-mix low-
volume production management, a production fluctuation 
management, and an environmental management.

We define these thirteen managements in the following 
sections. 

3.1. Production systems configuration management

With the knowledge of production systems configuration, 
such as area configuration of the entire factory, main lines, 
auxiliary lines and work stations, while drawing up production 
methods and layout configurations etc., it is to control the 
impact of those factors on production systems. 

It is also comprehensively to examine the impacts of those 
factors together with the individual production system factors 
on production systems as a whole, and to design the optimum 
configuration with the optimum resources.

3.2. Factories synchronization management

With the knowledge of entire domestic and overseas supply 
chains (S/C) integrating factories, suppliers etc., while 
executing assessments of the impacts of those factors on each 
production system, it is to identify the impact of the supply 
chain structure. It is comprehensively examining the impacts 
associated with supply chains on individual production 
systems.

3.3. Global production management

With the knowledge of product properties in the life cycles 
of each product and system from the startup to the termination 

of mass production, while selecting the appropriate 
production site from globally developing factories, it is to 
determine the management system corresponding to the 
product life cycles of each product in a factory and designing 
production systems for the management system. It is to select 
the production site, preparing mass production and allocate
production lines for new products in each factory, and decide
production systems of multiple products and production 
systems for long-tail production at the final stage of the 
product life cycle etc.

3.4. CPS (Cyber Physical Systems) management

With the knowledge of production systems design 
regarding CPS (Cyber Physical Systems), establishing 
production methods to introduce CPS into the production 
system, layout and IoT configuration, etc. It is to analyse the 
effect CPS have on capabilities related to fluctuating market 
demand, productivity, production costs, the flexibility to cope 
with a wide variety of products and production volumes, etc. 
to decide which methods will improve by introducing CPS.

3.5. Investment planning management

With the knowledge of production systems design related 
to sales strategy, product strategy and production strategy as a 
business strategy for the establishment plan of a new factory, 
it is to draw up production systems for a wide variety of 
different business strategies. It is to analyse the investment 
effect of a business strategy, and to draw up the basic design 
from the perspective of plant locations, production systems 
design of each factory, in-factory logistics, procurement, etc.

3.6. Process design management

With the knowledge of production systems design 
associated with productivity, it is draw up production 
methods, layout configurations, formations of workers teams, 
etc. to improve productivity of production systems. It is to 
analyze the impact of factors such as production processes, 
allocation of production lines, layouts and formations of 
teams of workers on productivity, and to draw up methods for 
improving productivity etc.

3.7. Facilities management

With the knowledge of production systems design related 
to automatic devices, it is to draw up production methods, 
layout configurations etc. to introduce automatic devices into 
production systems. It is to analyze the impact of automatic 
devices on productivity, production costs, the number of 
workers etc., and drawing up methods to improve the effect of 
introducing automatic devices

H. Hibino et al./ Procedia CIRP 00 (2019) 000–000

3.8. In-factory logistics/ material handling management

With the knowledge of in-factory logistics in factories, it is 
to draw up in-factory logistics systems as part of production 
systems design. It is to analyse the effects in-factory logistics 
methods have on production methods such as production 
planning and on-demand production, the in-factory logistics 
of assets, factory layouts, the in-factory logistics pass design 
on productivity, lead times, required amount of inventory to 
decide which in-factory logistics methods will improve the 
flow of materials through the entire production system.

3.9. Maintenance management

With the knowledge of maintenance in factories, it is to 
create maintenance plans, and to take into account the impact 
on production systems. It is to analyse the impact of 
suspending the use of equipment during preventive 
maintenance and inspections, replacement of tools, changing a 
course of action, cleaning etc. for each of the facilities in the 
entire production system to create a maintenance plan.

3.10. Cost management

With the knowledge of production costs, particularly cost 
planning, it is to draw up methods to promote the design of 
production systems from the perspective of production costs. 
It is to analyse production costs corresponding to production 
planning for each production line and their production 
methods for the purpose of cost planning, and to draw up
production systems designs when measures to reduce 
production costs have been taken.

3.11. High-mix low-volume production management

With the knowledge of configurations and systems for 
producing multiple products (items) in production factories, it 
is to draw up the allocation of production lines, production 
methods for multiple production, and in-factory logistics 
corresponding to multiple production in factories, etc. to 
control the impact of those factors on the entire production 
system. It is comprehensively to examine the impacts of the 
different processes for each product on other areas of 
production and the whole production system, and to design 
the optimum configuration with the optimum resources.

3.12. Production fluctuation management

With knowledge of the perpetually changing varieties of 
products and production volumes driven by demand, it is 
design production systems for a factory which will enable 
production according to market demand. It is to draw up 
methods etc. for production costs, occupancy rates of 
factories, and minimizing inventory to cope with production 

fluctuations based on demand forecasts (sales plans) after the 
startup of mass production.

3.13. Environmental management

With the knowledge of production systems design 
associated with energy or environmental emissions, it is to 
draw up production methods for production systems
configured from the perspective of environmental 
management. It is to analyse the impact of production systems 
design on energy consumption, environmental emissions etc., 
then to draw up production systems which will be able to 
appropriately cope with the environmental issues.

4. Definition of skill level

We define that necessary skills for the production systems 
digital designs level consists of seven skill levels. We define 
seven skill levels in the following sections. 

4.1. Level 1

Engineers who can carry out the required tasks under the 
guidance of their seniors. Those who have the basic 
knowledge and skills necessary for a professional with a 
specialty in production systems design.

4.2. Level 2

Engineers who can carry out part of the required tasks by 
themselves under the guidance of their seniors. Those who 
have the basic knowledge and skills necessary for a 
professional with a specialty in production systems design.

4.3. Level 3

Engineers who can carry out the required tasks by 
themselves. Those who aim to become a professional with a 
specialty in production systems design and have the necessary 
applicable knowledge and skills.

4.4. Level 4

Professionals who have cross-sectional specialties and are 
ahead of identifying and resolving business problems, freely 
using their specialized skills in production systems design. 
Those who can systemize the experience required for a 
professional and then contribute to the business performance 
of other team members.
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Fig. 2. Relationships between the tasks to be executed by personnel and the proposed definition of the particular fields

Fig. 1 Relationships between skills and knowledge to acquire and the proposed definition of the particular fields
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4.5. Level 5

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design inside the company. High-end 
players who are acknowledged inside the company.

4.6. Level 6

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design both inside and outside the 
company. Domestic high-end players who have both the 
experience and proven performance, and are acknowledged as 
a professional from the perspective of not only inside-the-
company but also from the markets.

4.7. Level 7

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design both inside and outside the 
company. World-class players who have both the experience 
and proven performance, are market influencers, and have led 
the creation of advanced manufacturing methods or
manufacturing structures.

5. Definition of particular field and skill level

We propose a relationship between the particular field and 
the skill level. Fig. 3 shows the relationship. Level 6 and 7 
indicate national-class and world-class personnel respectively, 
whose capabilities and skills may be beyond the upper limit of 
evaluation. 

6. Case study 1: Tasks to be executed by personnel

We applied the proposed definitions to tasks to be executed 
by personnel. Fig. 2 shows the example for the relationships 
between the tasks to be executed by personnel and the 
proposed definition of the particular fields.

7. Case study 2: Skills and knowledge to acquire

We applied the proposed definitions to skills and 
knowledge to acquire. Fig. 1 shows the example for the 
relationships between skills and knowledge to acquire and the 
proposed definition of the particular fields.

8. Summary

We proposed a skill evaluation method for production 
systems digital design with production simulation. Our 
proposed skill evaluation for production system digital design 

skills consist of three definition items. These are a definition 
of particular field, a definition of skill level, and a definition 
of relationship between the particular fields. We carried out 
two case studies to apply the asks to be executed by 
personnel, and the skills and knowledge to acquire. We are 
pleasure that the proposed method promotes the training of 
personnel for the digital age as a standard across different 
industries, taking advantage of production simulation.
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Fig. 1 Relationships between skills and knowledge to acquire and the proposed definition of the particular fields

H. Hibino et al./ Procedia CIRP 00 (2019) 000–000

4.5. Level 5

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design inside the company. High-end 
players who are acknowledged inside the company.

4.6. Level 6

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design both inside and outside the 
company. Domestic high-end players who have both the 
experience and proven performance, and are acknowledged as 
a professional from the perspective of not only inside-the-
company but also from the markets.

4.7. Level 7

Professionals who can stay ahead of the technologies, 
methodologies and production innovations associated with 
production systems design both inside and outside the 
company. World-class players who have both the experience 
and proven performance, are market influencers, and have led 
the creation of advanced manufacturing methods or
manufacturing structures.

5. Definition of particular field and skill level

We propose a relationship between the particular field and 
the skill level. Fig. 3 shows the relationship. Level 6 and 7 
indicate national-class and world-class personnel respectively, 
whose capabilities and skills may be beyond the upper limit of 
evaluation. 

6. Case study 1: Tasks to be executed by personnel

We applied the proposed definitions to tasks to be executed 
by personnel. Fig. 2 shows the example for the relationships 
between the tasks to be executed by personnel and the 
proposed definition of the particular fields.

7. Case study 2: Skills and knowledge to acquire

We applied the proposed definitions to skills and 
knowledge to acquire. Fig. 1 shows the example for the 
relationships between skills and knowledge to acquire and the 
proposed definition of the particular fields.

8. Summary

We proposed a skill evaluation method for production 
systems digital design with production simulation. Our 
proposed skill evaluation for production system digital design 

skills consist of three definition items. These are a definition 
of particular field, a definition of skill level, and a definition 
of relationship between the particular fields. We carried out 
two case studies to apply the asks to be executed by 
personnel, and the skills and knowledge to acquire. We are 
pleasure that the proposed method promotes the training of 
personnel for the digital age as a standard across different 
industries, taking advantage of production simulation.
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