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Abstract  
Composites of carbon fiber reinforced plastics (CFRP) are being used to a greater extent in the aerospace 
industry due to their desired material properties. CFRP are attractive to use since they are light, strong and 
make it possible to integrate parts in in ways not possible in other materials. However, using CFRP is 
challenging since they may lead to more problems in final assembly. The aim of this paper is to describe 
the development of a Design for Manufacturing and Assembly (DFM/A) methodology for manufacturing 
aircraft structures in CFRP. The research methodology consisted of interviews, observations, workshops 
and tests at SAAB Aerostructures, but also interviews with other companies regarding their design for 
manufacturing methods. The result is a methodology that includes an approach that describes when and 
how the DFM/A work should be conducted and organized, and how it is linked and integrated into the 
company’s product development process. The DFM/A methodology developed makes it possible to 
include manufacturing aspects into the existing product development process to ensure that 
manufacturing is considered in the design phase, with special focus on CFRP. 
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1. Introduction 
The assembly of aircraft has long been performed primarily 
manually, due to long development times with many design 
changes and complicated assembly operations [1]. Even 
when it has been technically possible to use equipment, it has 
been too expensive to invest in [2]. The often low 
manufacturing volumes make investments too expensive. The 
trend of having parts and subsystems manufactured by sub-
suppliers has placed new focus on reducing manufacturing 
costs and achieving a short delivery time. Moving from 
single-unit manufacturing to series manufacturing means that 
the times for product development and manufacturing need to 
be reduced in order to stay competitive [3]. Within the 
aerospace industry, there is a constant search to find solutions 
that lower fuel consumption due to economic and 
environmental reasons. Reducing the aircraft’s weight is one 
way of tackling this issue. Reduced weight can be achieved 
by introducing a higher degree of strong but light material, 
e.g. carbon fiber reinforced plastics (CFRPs). However, when 
changing materials, unforeseen problems may occur later in 
manufacturing and final assembly due to e.g. springback 
problems. When designing aircraft, it could be costly to 
discover problems late in the product development process 
since changes are more expensive to address, as depicted in 
the design paradox in Figure 1. One thing that the design 
paradox says is that in the beginning of a product 
development project the product knowledge and modification 
costs are low, while freedom of action is high. On the other 
hand, when the product is about to be launched and 
manufactured the product knowledge and modification costs 
are high, while freedom of action is reduced [4]. 
 

 
Fig. 1: The design paradox [4]. 

In order to deal with this design paradox when it comes to 
reducing the need for lowering costs for modification due to 
raised manufacturing, companies use Design for 
Manufacturing and Assembly (DFM/A) methods. 
Historically, DFM/A have been used in industry, but limited 
research has been put into how to perform DFM/A on 
products and components in some materials, e.g. CFRP. 

1.1. Aim  

The aim of this paper is to describe the development of a 
DFM/A methodology at SAAB Aerostructures, which 
manufactures structural parts for the aerospace industry using 
e.g. CFRPs. The DFM/A methodology includes two major 
parts. The first part contains tools, guidelines, and checklists, 
while the second part is an approach that describes when and 
how DFM/A should be conducted and organized, and 
integrated into the company’s product development process. 



2. Research methodology 
2.1 GF Demo 

This research has been a part of a research project called 
“Next generation composite structures for commercial 
aircraft" (GF Demo), involving 18 Swedish partners (SMEs, 
research institutes and universities) and led by SAAB 
Aerostructures in Linköping, Sweden. SAAB Aerostructures 
is a part of the SAAB Group, which serves the global market 
with products, services and solutions from military defence to 
civil security. At SAAB Aerostructures, structural parts such 
as doors and ailerons for commercial aircraft are developed 
and manufactured. The major customers are Airbus and 
Boeing. One of the products produced at SAAB 
Aerostructures is the large cargo door for the Boeing 787 
program, as depicted in Figure 2. 
 

 
Fig. 2: A Boeing 787 aircraft [5]. 

 
The GF Demo project demonstrates how advanced composite 
technology, both in materials and production methods, as 
well as electric actuators can reduce the airframe weight of 
commercial aircraft. Reduction of weight has a direct positive 
effect on fuel consumption, and it is expected from Airbus 
and Boeing [6]. The product that has been developed during 
the GF Demo research project, and to which the developed 
DFM/A methodology has been applied, is a large cargo door 
with new features and materials (Figure 3): 
 

 
Fig. 3: The large cargo door developed in GF Demo [7]. 

2.2 Data collection methods 

The research methodology consisted of a literature study on 
Design for Manufacturing (DFM), Design for Assembly 
(DFA), composite materials, and user interfaces in databases 
such as LIBRIS and Scopus. However, the main data 
collection was conducted at SAAB Aerostructures using the 
case study methodology. The company was studied with data 

collection methods such as semi-structured interviews [8] and 
observations [9]. In addition, several other manufacturing 
companies were benchmarked, through interviews, regarding 
how they performed design for manufacturing. The goals of 
the benchmarking were to understand the studied company’s 
implementation of DFM/A, how methods are implemented at 
the company in general, and how DFM/A methods are 
maintained and updated. Table 1 below shows the companies 
that were benchmarked: 

Table 1: Manufacturing companies benchmarked concerning 
their DFM/A processes between 2013 and 2015 within the 

GF Demo project (edited from [7]). 

Name Product examples 
SAAB Aeronautics Military aircraft 
Scania AB Trucks 
Väderstad AB Agricultural machinery 
Bombardier Transportations Aircraft and trains 

Alfa Laval Equipment for  liquid/solid 
separation 

Atlas Copco Drilling equipment 
Siemens Industrial 
Turbomachinery Gas turbines 

BT Products Forklift trucks 
 
One or two representatives from each company were 
interviewed using a semi-structured interview guide. Semi-
structured interviews were used in order to achieve similar 
information from all the companies, but also allow for 
interviewees to add more unstructured information [8]. The 
interviews were recorded, transcribed, and verified by the 
interviewees to assure that right information was collected. 

Observations were also made in order to understand how 
the manufacturing is currently performed, from the making of 
the CFRP parts until they are final assembled into the large 
cargo door (Figure 3). During the observations, 
complementary questions were asked to better understand 
what kind of problems connected to the part designs occurred 
in the manufacturing process.  

The data for this research was collected and analysed by 
the authors. The research project involved three master's 
thesis projects and one bachelor's thesis project conducted 
during the period 2012 to 2016. During the research project, 
the students were placed at the manufacturing company in 
order to get a good understanding of the company’s 
development and manufacturing processes. In addition, their 
placement at the company also facilitated a good 
understanding of the research project among the involved 
company staff members dealing with product development 
and manufacturing. 

The developed methodology and its content was tested and 
upgraded during the five-year duration of the GF Demo 
project. The first version of the DFM/A methodology was 
ready in 2013 [10], with subsequent versions developed in 
2015 [11] and 2016 [7]. 

The final part of the research was to develop means and 
tools for the adaptation and implementation of the 
methodology into existing product development processes. 
The aim was to facilitate a smooth transition into the 
designer's day-to-day work. This process, of going from the 
DFM/A methodology development to operational use, is 
illustrated in Figure 4. 



3. Design for Manufacturing and Assembly 
Design for Manufacturing and Assembly (DFM/A) is not a 
new invention. As early as in the 1920s, Henry Ford used a 
kind of DFM when realizing that if one makes a component 
more expensive, one earns it back in manufacturing [13]. 
Traditional over-the-wall design was very common practice 
from the 1950s to at least the 1970s in Western companies, 
according to Herbertsson [12]. Ullman [14] has illustrated the 
over-the-wall design method in Figure 5. 
 

 
Fig. 5: Over-the-wall design [14]. 

Having too much over-the-wall design can lead to sub-
optimizations and unnecessary iterations in the product 
development process [15]. To avoid these kinds of problems, 
companies should use structured product development 
processes, with people with the necessary knowledge, 
involved in an integrated product development process [16]. 
Although, the knowledge about these potential problem they 
still exists. As early as in the 1980s, concurrent engineering 
was spread throughout research and industry. It was the 
American automotive industry in particular that led the way 
in adopting new product development organizations and 
processes in order to tackle Japanese competitors. In addition, 
since concurrent engineering spread so fast among the 
manufacturing companies of the Western world, it is likely 
that there must have been a tremendous need to improve the 
product development process in many countries [12].  

So far, many DFM efforts have placed DFM at a general 
level. There has been growing attention, however, towards 

automation. According to Riley [17], the pace of automation 
in the USA accelerated during the 1950s due to high 
production volumes, increasing labour costs and the 
introduction of the vibratory bowl feeder. Earlier, it had been 
impossible to automatically feed parts with other than 
cylindrical or symmetrical shapes [12]. Interestingly, after 
redesigning for automatic assembly, many firms discovered 
that the redesigned product became so simple to assemble 
manually that automatic assembly was no longer 
economically feasible [18]. This means that Design for 
Assembly (DFA) can substantially improve the design, both 
for manual and automatic assembly, including for example 
the reduction of components and easier part insertion.  

DFM/A has been successful and improved the 
manufacturing processes at many companies. There have also 
been some stepwise methods developed on how to perform 
DFM/A, such as: 
• Boothroyd-Dewhurst DFA method [19] 
• Seven-step DFM procedure [20] 
• 5-step DFM methodology [16] 

4. Product development process at SAAB 
In order to develop a DFM/A method for SAAB 
Aerostructures, a clear view of the existing product 
development process was needed. The overall process 
consists of the bidding, preliminary development, detail 
development and industrialization phases, as illustrated in 
Figure 6a. As stated by Herbertsson [12] and Ulrich and 
Eppinger [16], DFM should be considered throughout the 
entire product development process. Within this project, 
however, after studying the product development process in 
more detail at SAAB Aerostructures, the decision was made 
to place most of the DFM effort on the preliminary 
development phase. Therefore, this research focused on 
developing DFM tools in the preliminary product 
development phase, as shown in Figure 6b.  

Fig. 4: DFM work at different company levels [12]. 



5. DFM/A methodology development 
The aim of the this research was originally to develop 
methods and tools for Design for Assembly (DFA) that were 
intended to be used during the early stages of the product 
development process. However, the aim was expanded to 
also include manufacturing, as both the assembly and 
manufacturing aspects often must be handled simultaneously 
during the design of advanced complex structures and 
structural parts in CFRP.  

In order to stress the importance of not separating 
manufacturing and assembly aspects during the product 
design process, the concept Product Design for Production 
(PDP) was created and used instead of the more common 
Design for Manufacturing and Assembly (DFM/A). 

There was an explicit focus on the production of structural 
components in CFRP because there was a lack of Design for 
Manufacturing and Assembly (DFM/A) methods for CFRP 
components. Methods and tools were developed in the form 
of checklists, manuals, and training materials to be used for 
Design for Manufacturing and Assembly (DFM/A). The 
DFM part of PDP focuses on structural components in CFRP, 
while the DFA part not only focuses on structural CFRP 
components, but is more general as well.  

A general approach for PDP adapted for the company’s 
product development process, including a focus on the early 
phases, was developed. In the approach it is described, for 
example, when and how the PDP should be used. The 
approach is general and thus does not only focus on CFRP. 

 
 
 

 
 
 

The following documents, manuals and tools have been 
developed for PDP. These have been adapted to the 
company’s document structure and shape. Such an adaption 
was considered to be crucial for the results to be used in the 
development process.  
5.1 PDP Checklist 

The first tool developed was the PDP checklist, which is 
unique in that no one has tried to compile this kind of DFM 
and DFA checklist for CFRP before. After many iterations 
and tests with SAAB Aerospace designers, the tool achieved 
the appearance as shown in Figures 7a and 7b. 

The first part deals with 10 DFM guidelines concerning the 
making of the CFRP part, labelled DFM-1 to DFM-10. The 
guidelines have been categorised into three groups, and for 
each guideline the designers have to mark if the guideline has 
been considered with a "yes" or "no", or if it still must be 
investigated. There is also room for comments. 

In order to for the tool to be useful for the designers at 
SAAB Aerostructures, it was written in Swedish. The DFM 
guidelines are further described with illustrations in the paper 
written by Nilsson et al. [21]. 

The second part of the PDP checklist deals with 19 DFA 
guidelines, and is concerned more with the system than the 
parts that are going to be used, e.g. type of fasteners, 
tolerances, tools and assembly. The decision was made to put 
the DFM and DFA guidelines together in order to facilitate 
the its use; the common name for the lists was established as 
“Product Design for Production” (PDP).  

 
 
 

 
 
 
 

Fig. 6a: The overall product development process at SAAB Aerostructures (based on [7]). 

 

Fig. 6b: The preliminary development phase at SAAB Aerostructures (based on [7]). 

 



 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 7a: Upper part of the PDP checklist with 10 DFM guidelines (based on [7]). 

 

Fig. 7b: Lower part of the PDP checklist with 19 DFA guidelines (based on [7]). 

 



5.2 Integration Possibility Tool 

The second tool supports the integration of components, and 
thus reduces the number of components and assembly steps. 
Before the analysis starts the product is divided into 
components and fasteners. A base component is first 
identified, and then, for each component added, the following 
three questions are asked (based on Boothroyd and Dewhurst 
[19]: 

1. Must the part be of a different material than or be 
isolated from all other parts already assembled? 

2. During the operation of the product, does the part 
move relative to all other parts already assembled? 

3. Must the component be able to be disassembled for 
maintenance and/or to be able to access other 
components? 

If the answer to any of the three questions is yes, the 
component is not a candidate to be integrated with previous 
components. On the other hand, if all the questions can be 
answered no then the component is a candidate to be 
integrated with previous components. To keep track of the 
possible component integration a spreadsheet-based tool was 
created, as illustrated in Figure 8. 
 
Both the PDP checklist and the Integration Possibility Tool 
are spreadsheet-based. The following parts of the 
developed process are Word-based. 
 

5.3 PDP Manual 

The PDP manual describes the background of the DFM/A 
and how the checklists should be used. By reading the 
manual, the readers understand why the checklists look as 
they do. For example, the 10 DFM checklist guidelines 
(Figure 7a) include illustrations and descriptions of possible 
problems that could occur if the answer to the respective 
guideline is not completed. In a similar manner, the DFA 
guidelines (Figure 7b) are explained. In addition, the 
Integration Possibility Tool is described and how it should be 
used is discussed. 
 
 
 

5.4 PDP Approach 

The DFM/A methodology contains more than methods in the 
form of different tools, guidelines and checklists. It also 
includes an approach that describes when and how the 
DFM/A work should be conducted and organized, and how it 
is linked and integrated into the company’s product 
development process. The manual that describes this 
approach is called the Product Design for Production 
Approach. This is a key document that describes the work of 
the PDP (see Figure 9).  
 
Figure 9 illustrates the four PDP phases, and how the 
approach is linked to the overall product development 
process at SAAB Aerostructures. The blue arrows illustrate 
new activities that are included in the approach, while the 
yellow arrows illustrate existing activities at Saab that are 
included in the approach. 
 
The following three documents are linked to the PDP 
approach document, and describe some activities in more 
detail:  

 
o PDP meetings. This document describes in 

detail how and when the PDP meetings should 
be conducted. 

o PDP start-up meeting. This document 
describes in detail how and when a PDP start-
up meeting should be conducted. 

o PDP verification. This document describes in 
detail how and when the PDP verification 
meeting should be conducted. 
 

5.5 PDP Group and Engineers 

When developing the DFM/A method for SAAB 
Aerostructures, the need for a PDP Group and PDP Engineers 
became evident. The PDP Group is responsible for designs 
that are sufficiently manufacturing and assembly friendly 
before they are accepted for production. The PDP Group acts 
as a link between production and design by coordinating the 
required cooperation. 
 

 

Fig. 8: Integration possibility documentation (based on [7]). 

 



The PDP engineer is a representative from the PDP Group, 
and is included in the cross-functional development team. 
This person is responsible for: m DFM/A, to include: 
• Monitoring design for manufacturability and assembly 
• Implementing PDP analysis and digital assembly 

simulations  
• Ensuring that other PDP activities are implemented, 

and that the results from these activities are taken into 
account / implemented. 

• Leading the PDP meetings, and follow up on decisions 
made during the meeting 

6. Discussion 
Developing design methods in academia is not uncommon. In 
the area of Ecodesign, for example, there have been hundreds 
of methods developed but very few are used. In order to have 
methods used, one must consider the process of going from 
DFM/A method development to operational use. The PDP 
Approach was developed to address the implementation 
question, and is a vital part of the developed DFM/A 
methodology (see Figure 3). 
 
The DFM/A methodology was developed by several people 
during a period of 3-4 years, and in several iterations to 
ensure it met the needs of the company. According to 
Beckmann et al. [22], an active transfer of new design 
methods is needed to achieve a good uptake. Quite often, 
design methods are developed by researchers missing 
sufficient knowledge about the industry [23]. Another reason 
for a low implementation rate is that methods do not fit the 
needs of engineers [24]. Since the DFM/A methodology 
described in this paper has been developed in industry and 

through several iterations, the above potential problems have 
been minimized. Furthermore, Beckmann et al. [22] list the 
following success factors for design method transfer: 

1. Understanding the company needs 
2. Planning, management and control 
3. Adapted, simple, fitting methods 
4. Pilot projects and examples 
5. Training and providing support 
6. Top management support 
7. Convincing and involvement of people 
8. Mediate and quantify benefits (adequate KPIs) 
9. Anchoring in organisation 
10. Method champions (experts) 
11. Improve, update, evaluate 

 
During the DFM/A methodology development the above 
success factors were considered in order to have a smooth 
and successful implementation. The approach was verified 
for example by letting engineers at SAAB test and evaluate 
the methodology, and then answer the following questions: 

• Does the DFM/A-method work as planned? 
• Is the focus put on the right purpose? 
• Is the method generic enough to be used? 
• Is it easy to find the information needed for the 

DFM/A method? 
• Are the results correct and useful? 
• Can the user understand the DFM/A method? 
• Is there enough time provided to use it? 
• Does it work as a communication tool and 

stimulate cooperation? 
 

Fig. 9: Product Design for Production approach (based from [7]). 

 



The results of the project have so far not been fully 
implemented at the company, as it needs to have stronger 
management support and someone taking charge of the 
method for its implementation, usage and future upgrades. 
However, the opinion and assessment from the involved 
experts in product design and production at SAAB 
Aerostructures is that an implementation could contribute to 
the ability to more rapidly develop less complex products 
from a manufacturing point of view. 

7. Conclusions 
This paper describes the development of a DFM/A 
methodology at SAAB Aerostructures, with focus on 
components and products made in CFRP. The described 
methodology is expected to enable faster product 
development, lower production costs, fewer late changes 
during the product development, and faster ramping up of 
production. It may also contribute to higher quality. This, in 
turn, gives a competitive advantage in the form of lower 
costs, faster delivery, higher delivery reliability, higher 
quality, and greater flexibility. 
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