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ABSTRACT 

A production design situation ranges from a total ‘green field’/full investment situation, to a 
pure redesign, rearranging and reusing existing equipment and facilities. From a research 
perspective, a number of schemes for production system design have been proposed over 
the years. From an industrial perspective, working processes mainly discuss production 
system design within the context of product industrialisation or from an industrial 
procurement perspective. This paper focus on production system redesign, with its 
specific characteristics. Based on an industrial case, the paper identifies critical aspects to 
include in a production redesign process. The aspect of legacy is especially pointed out 
and similarities with established redesign processes for other knowledge fields are 
acknowledged. An elaborate requirement specification is critical when dealing with 
redesign processes, where existing equipment are to be reused. Stringency in directives 
as well as proper cascading and decomposition of the goals are identified as vital aspects 
from the case study.  
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1 INTRODUCTION 

A production design situation ranges from a total ‘green 
field’/full investment situation, to a pure redesign, 
rearranging and reusing existing equipment and 
facilities. The most common situation encompasses 
both aspects; redesign and investment. Traditionally, 
major changes in production systems for large, high-
volume products, as for the automotive industry, have 
been made at a frequency of some ten years. The 
knowledge regarding the design that has been obtained 
by the introduction of a new system has been hard to 
re-use, as a consequence of the long time periods and 
the used design methods where the knowledge is often 
tied to individuals, not to the development process as 
such.  

As the rate of changes in these systems increases, the 
lack of established working procedures often leads to 
individual ways of working where communication, re-
use and sharing of information are obstructed. This 
often unstructured and non-knowledge-preserving way 
of developing production systems in combination with 
the increasing time-focus in design, calls for more 
effective working methods and tools in the development 
projects, in order to faster obtain production systems 
coherent to the chosen product structure, product plan 
and the manufacturing strategy. 

The background to a production design situation can 
also have different reasons such as a new product 
launch, a rapid volume increase due to industrial 
restructuring or a total reengineering of the production 
flow with new production philosophies.  

From a research perspective, a number of schemes for 
production system design have been proposed over the 
years - from methodological concerns [1], to design 
processes and subprocesses [2], [3], [4], [5] to more 
hands-on guidelines [6]. From an industrial perspective, 
established processes mainly discuss production 
system design within the context of product 
development or from an industrial procurement 
perspective. One example on in-depth analysis on the 
subject is the research project ModArt, where the two 
processes of Factory design and Production investment 
have been described separately [6]. Still, from both a 
research perspective as well as an industrial 
perspective, processes and methods for production 
system design with the focus on system redesign are 
still not explicitly described. 

This paper focus production process redesign on the 
basis of established procedures for production system 
design, equipment procurement and product life cycle 
management processes. Based on an industrial case, 
the paper identifies critical aspects to include in a 
production redesign process. 

2 METHOD AND MATERIALS 

The paper is based on a brief summary of current 
research and identified industrial schemes for 
production system design. By a problem identified in 
industry, and a knowledge gap identified in research, 
the challenge of production system redesign was 
defined. The paper introduces data gathered at Volvo 
Construction Equipment (VCE), Eskilstuna, Sweden. 
The industrial challenges and possibilities are set as 
one basis for the proposed structure. On the basis of 
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the described state-of-the-art and the industrial 
challenges, vital aspects to include in a production 
redesign process are described. 

 

3 THEORETICAL FRAME OF REFERENCE 

 
3.1 Process for production system design 

A frequent view within design research is to consider 
the design process as following a sequential scheme. 
From product planning and design, a number of 
processes have been proposed following that scheme 
e.g. [7], [8], [9] and [10]. A general feature within these 
approaches is that the authors adopt the concept of 
function/solution mapping as well as the hierarchical 
design approach—to initially design on an overall level 
and partly decompose the design by its sub-functions. 

Following the “systematic layout planning” by Muther 
(1973) giving a step-by-step plan for the design of a 
system including worksheets [11], an number of more 
specific manufacturing system design schemes have 
been presented, such as Benett [12]. Wu [5] proposed a 
general design framework, structured as in Figure 1.  

 Problem 

Analysis of situation Setting of objectives 

Conceptual modelling 

Evaluation of concepts 

Decision 

Detailed design 

Evaluation of concepts 

Decision 

Solution 
 

Figure 1. Structure of the manufacturing system 
design approach by Wu [5]. 

Following the sequentially based methodology of 
engineering design, a number of dedicated methods for 
assembly system design have been proposed. 

Although there is a broad theoretical foundation for 
assembly line balancing, sequencing and resource 
planning, surveyed by, e.g. Baybars [13] and Ghosh 
and Gagnon [14], methods focusing on the actual 
design process of assembly systems are rarer. Since 
Wild [15] and Chase [16] motivated further work within 
assembly systems design, efforts within the field 
encompass methods directed towards specific phases 
in the design process or focusing on specific types of 
assembly systems. Examples on the first are the 
method for planning of a systematic assembly system 
design by Bellgran [2], the performance assessment of 

assembly systems by Wiktorsson [4] and the method for 
selection of assembly systems by Shtub and Dar-El [17]. 
Examples on methods focusing on specific types of 
assembly systems are the concentric design process 
for robotic assembly systems by Rampersad [18], the 
design procedure for parallel flow assembly systems by 
Engström et al. [19], the method for design of team-
oriented assembly systems based on the Bill of Material 
(BOM) by Bukchin et al. [20] and textbooks on 
assembly line design by Chow [21].  

However, in these earlier works the aspect of assembly 
system redesign, where the reuse of existing equipment 
and facilities are of specific interest, has not been 
especially in focus. In work by Andrew [22] the author 
discusses more general key issues which determine 
success or failure for a redesign of a manufacturing 
system. These include the composition of project teams, 
manufacturing strategy, system design, manufacturing 
control systems, human issues and implementation. 
Also the textbook ‘Manufacturing Systems Redesign’ by 
O'Sullivan [23] discusses the subject but is in fact a 
more general structure for design of manufacturing 
systems. 

3.2 Stage-gates through the project 

From a research perspective, not many specific 
procedures in terms of stage-gate models have been 
proposed on assembly system design. In the ModArt 
project [6], a stage gate procedure for the two 
processes of Factory design and Production investment 
have been described. The Factory design process is 
described in the steps of Initiation (assess potential), 
Pre-study (formulate project definition), Detail project 
(formulate production requirements), System design, 
System realisation and Handover. The details on the 
process is however not publicly available.  

Papinski [24] is another example on a stage-gate model, 
here presenting a more specific development process, 
focusing on the decision-steps in the development of 
flexible automatic assembly (FAA) systems. This work 
emphasised the analysis part where the prerequisites 
(separated into product design and product mix) and 
objectives (given by competitive measures) of the 
system are specified. The subsequent synthesis part is 
separated into forming the assembly system and 
forming the organisation. Finally the evaluation is to be 
conducted by economic criteria. 

However, from an industrial perspective a large number 
of production development processes with a stage-gate 
procedure are in use, some is also used for assembly 
system design. However, the specific characteristics 
given by the task of assembly system redesign have not 
been identified in any industrially used process. 

3.3 Requirement’s specification 

One critical step in a development process is the 
requirement specification [4]. The requirements 
describe constraints and possibilities for the design and 
should be guiding in future evaluations and monitoring 
of the production system. One example on a model for 



specification of requirements for production systems is 
presented by Öhrström [25]. In this model three views 
are mentioned as essential in the specification. The 
functional view deals with direct requirements regarding 
the transformation process, requirements sprung out 
from, e.g. the product design, product range and 
product volume. The user view refers to the 
requirements given by the social part of the socio-
technical system, requirements sprung out from 
considering the physical and mental situation for the 
operators, e.g. ergonomics, job design, motivation and 
decision support systems. The customer view refers to 
the specific requirements given by the market and 
customer the products are to be directed to. For high-
quality, fashion products the requirements on the 
production system are different than for a low-price, 
standardised product. 

The author argued for taking four prerequisites into 
account when specifying the requirements:  

• Internal constraints given by the available plant, 
equipment, operators etc.  

• External constraints given by the social, 
technological and economical possibilities.  

• Strength and weaknesses of the previous system 
are to be considered if re-engineering is the 
objective.  

• Finally the Opportunities and threats given by the 
environment, separated in, e.g. social, 
technological and economical aspects are to be 
considered.  

The author also emphasised the development of this 
specification to be in line with the manufacturing 
strategy. The Hill methodology [26] was mentioned as a 
way of indicating, through the order-winners and order-
qualifiers, the direction of what parameters that are 
strategically important for the production system. 

In the work by Wiktorsson [27], a requirement 
framework is presented for production systems, using 
the wide range among design criteria; from absolute 
musts on the system to interesting aspects to know of; 
from general functions to fulfil to detailed design 
solutions to use. The structure is based on four classes 
of criteria:  

• Requirements on Function - musts on performance 

• Internal design constraints - musts on design 
solutions due to internal reasons 

• External design constraints - musts on design 
solutions due to external reasons 

• Winning abilities - wants on capabilities 

In the specification structures in [22] and [24], the 
aspect of design constraints is introduced, an aspect 
that is essential in a redesign task. However, a more 
elaborate discussion of the prerequisites for a redesign 
process has not been found in literature.   

4 INDUSTRIAL FRAME OF REFERENCE 

This section describes an industrial case, the 
background, current status and the identified 
improvement potentials.  

4.1 Industrial situation and challenge 

Based upon the long term sales forecast from 2006, 
Volvo CE was in need of capacity, leading to a radical 
change in the production system set-up. [28] During the 
period from 2007-2009 a capacity improvement project 
called CS09 (Component Step 2009) was run. This 
project’s main scope was to redesign the component 
factory from a functional based factory into a flow based 
factory. By this, the company was to reach the 
anticipated future volume demands and to fully utilize 
the production system. The new set-up led to an 
initiation of 30 different sub-projects to enable product 
specific dedicated production flows. This change was 
carried out during full production rate and as a 
consequence, there was a focus on short project lead 
time and quick start-up with new set-up. The sub-
projects consist of new capacity investments and also 
changes in the existing production system set-up. 

4.2 Current process for production system design 

Traditionally investment projects in machine tools were 
performed by the production engineers, different 
methods of working were used at the different 
production departments. This was also the case for 
changes in the existing production system. During the 
CS09 when 30 different projects had to be performed 
simultaneously the company saw a need of a common 
process to be able to coordinate the projects. Volvo 
introduced the Production Equipment Procurement 
Process (PEPP). This process was grouped into six 
stages and nine phases, presented in Figure 2.  

When a project concerned new investment, the process 
(PEPP) was used with satisfying results, especially for 
the case when the investment was single machines. 
When a complete system was purchased the 
completion of the project was more difficult using the 
same process.  A particular challenging situation was 
when a new system investment was to interact with 
current equipment. There were difficulties to coordinate 
the different investment object with the changes in the 
existing production system. This was especially 
apparent when the system should be tested at full 
production rate.   

4.3 Stage-gates through the project 

In the PEPP the gate are adapted to fit investment 
projects. The gates are closely connected to the gates 
in the purchasing order document.  

However, it has been found that gates are not the same 
for investment projects as for redesign projects. In 
redesign there are no purchasing orders to refer to at 
the internal gates. Also there are other aspects in 
redesign project which are not so important in 
investment projects, such as considering the 
interruption time during the redesign. There was an 



Figure 2. The current Production Equipment Procurement Process (PEPP) 

industrial need to formulate state-gates which could be 
user regardless of the scope of the project.  

Closely together with the stage-gates there was a need 
to formulate the use of steering committees. During a 
larger reengineering project, such as CS09, a main 
project act like as a steering committee, but there is an 
industrial need to establish more regular steering 
committees.   

4.4 Requirement’s specification 

In the early phases for CS09 during 2006 the 
requirements on the new production set-up were 
formulated. At this period 30 different production flows 
were described in a micro design. This included a 
concept set-up and other requirements for the 
production flow. When the sub-projects later initiated, 
this micro design was used as background material 
when the commission directive was formulated. When 
the production concept was detailed, the project had to 
be flexible and able to change direction. Some of the 
requirements were also changed due to new knowledge.  

However, by interviews at the company some areas for 
improvements have been identified:  

• The cascading and decomposition of the goals 
have not been consistent. Some goals have been 
different depending on the scope of different sub-
projects. 

• The goals have changed during the project 
development in a non-transparent manner. The 
goals in the project directive have changed through 
the project but the directive has not been updated. 

• There is an inconsistency in the goals in the 
directive in comparison to project hand-over. The 
goals are different at the project directive and at the 
hand-over of the project. 

4.5 Concluding into company-specific improvement 
actions  

There is a need of take a second step in improving the 
case specific method of working with production system 

development. The current state analysis identified the 
need to develop a comprehensive process for 
production system redesign. The process has to be 
able to adapt to projects including both new investment 
projects and also redesign of existing production 
system. By interviewing the management team some 
key objectives for be able to improve the process has 
been identified: 

• Formalise general stage-gates 

• Formalise running steering committees 

• Detail commission directive with distinctly 
requirements that enables a smooth completion.  

• Implement a change-management method for how 
to handle changes in the projects and how to 
update the requirements. 

5 TOWARDS A REDESIGN PROCESS 

The industrial case revealed a situation where the major 
change in the production set-up - to build up the 30 
different production flows – led to a situation where 
almost every sub-project also consist in changes in 
existing production system. Almost every machine in 
the factory were moved or the machine set-up within 
the production system was changed. The sub-projects 
need to have a scope that includes not only new 
capacity investment but also reconfiguration of the 
production system. Still, the same process (PEPP), was 
used whether it includes new investments or not. Since 
the process is not fully relevant for production 
development project the measurements in the process 
phases are not relevant for the purpose of a redesign 
situation. 

5.1 Defining legacy 

A redesign might include simple, low cost 
reorganization of workers, slightly higher cost scenarios 
such as reorganization of machines or products, or total 
redesign, which includes the purchase of new 
equipment and change in system type.  



One specific aspect of production system redesign is 
the emphasis on legacy equipment and systems. From 
the review of current production design schemes in 
section 3, it is concluded that schemes inspired by 
product development do not take a big emphasis on 
legacy structures, since this is not in general a vital part 
within product development.  

Neither production procurement processes do of natural 
reasons focus legacy infrastructure. When investing in 
new equipment other aspects are more essential than 
considering current legacy equipment.   

However, in schemes such as product life cycle 
management processes and for operations 
management processes, handling and definition of 
legacy is of vital importance, and aspects from these 
can be seen as inspiration for a process that is 
applicable even for production redesign. 

Within IT management, a common situation is to 
migrate from a current situation to a new system design 
where current solutions are to be reused. Strict 
procedures and established processes have been 
developed within this field. Typical solutions in this 
respect include discarding the legacy system and 
building a replacement system, freezing the system and 
using it as a component of a new larger system, and 
modifying the system to give it new functionality. 
[29],[30] When modifying the system, Lucia et al (2008) 
describes that “Changes may range from a 
simplification of the system through a reduction in size 
and complexity, to preventive maintenance operations 
such as redocumentation, restructuring, and 
reengineering, to an adaptive maintenance process 
entailing interface modification, wrapping, and migration. 
These alternatives are not mutually exclusive, and the 
decision as to which approach, or combination of 
approaches, to take is generally based on an 
assessment of the quality and business value of the 
system.”  [29]  

Furthermore, is the decomposability of the system a 
critical aspect in discussing redesign aspects of 
systems. It is anticipated that experiences and 
structures from this field of established knowledge could 
be transformed to influence the development of a 
methodology for manufacturing systems redesign.   

5.2 Requirement’s specification 

An initial step in a design process is the specification. 
Design specifications embrace a broad spectrum, 
described by musts and wants on the system, as well 
as functions to fulfil and design constraints to follow. [4] 
In following a stage-gate project structure, the 
requirement specification and verification of fulfilment is 
important aspects to consider. It is concluded that a 
redesign project have specific attributes to consider in 
formulating specifications and constraints.  

5.3 An adaptive process for production system 
design, considering redesign 

During the interview and literature study, some first 
tentative steps towards an adaptive process for 

production system design, considering redesign, has 
been taken. These steps are formulated as hypotheses 
to be validated or falsified in future work.   

Hypothesis 1 is that a process suitable for both new 
investments and for redesign of production system can 
have the same stages as in the Production Equipment 
Procurement Process (PEPP) presented in figure 2. 
The stages could then remain as Initiation, Pre Study, 
Projecting, Realization and Closing of Commission. 
These stages should not differ depending on the scope 
of the projects.  

Hypothesis 2 is that one aspect that has a crucial 
importance to the fulfilment of the requirement 
specification is to initiate a more formalized stage gate 
after each stage. At these gates the proceeding of the 
project has to be checked by a steering committee.  

Hypothesis 3 is that the two project types Investment or 
Redesign should have different phases on a sub-level 
under the generic stages. The first two phases should 
still be the same: the Initiation and the Concept study. 
The following phases then differs, the investment 
projects should continue to follow the Requirement 
specification phase, the Evaluation/purchase phase and 
the Manufacturing phase. Regarding the redesign 
projects the phases should consist in a Projecting 
phase and phase of Planning for the realization. The 
both project concepts should then go through the same 
final phases of Installation, Start-up and Commission 
completion.  

By implementing a common process according to these 
three hypotheses suggests that the investment projects 
and the redesign projects follow the same stages and 
the same requirements can be checked at the stage-
gates. But the project follows different phases and 
activities depending on the scope of the project.  

  

6 CONCLUSIONS 

This paper is a first description in a larger one-year 
project.  The final project objective is to result in a new 
industrial applicable process, a process for production 
system redesign. It will also find measurements in order 
to ensure the quality of the process. The new 
development process will be implemented and tested in 
at least one production development project at Volvo.  

The industrial case description from Volvo Construction 
Equipment illustrates a situation where a company 
during the latest year has invested heavily in 
manufacturing equipment, facilities and systems. A 
company specific Production Equipment Procurement 
Process (PEPP) has been in use. However, several 
projects do not only include new investments, it also 
includes changes on the existing production system. 
Still, the same process (PEPP), was used whether it 
includes new investments or not. Since the process is 
not fully relevant for production development project the 
measurements in the process phases are not relevant 
for the purpose of a redesign situation.  



This paper illustrates the challenges in using a single 
methodology in production system development in the 
industry. It illustrates the broad spectrum of situations a 
single production system development process would 
need to be able to handle. The paper proposes specific 
aspects to consider in situations of production system 
redesign. It is also an illustration of the practical 
difficulties in using the production development theories 
in industrial projects. The industrial challenge is to 
introduce a methodology which can be used in 
production development projects. Another future 
challenge is to find measurements in order to ensure 
the quality of a production development process.  
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