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Abstract	
Parker Hannifin QCDE aim to eliminate as much wasted time, materials and resources as 
achievable by implementing Design for Manufacturing and Assembly principles into a 
modified version of their Product Development Process. The modified Product Development 
Process was developed within this project with the objective of aiding the company to remain 
competitive within their field, as well as continue to efficiently develop and produce high 
quality products. 
 
A literature study was performed to gain a greater understanding of the multiple Design for 
Excellence methods and their possibilities to enhance the Product Development Process at 
Parker Hannifin QCDE. The literature study included various sources such as academic books 
and scientific articles.  
 
An empirical study was conducted and the use of the current Internal Product Development 
Process was evaluated in conjunction with a detailed evaluation of the designated coupling. An 
additional aspect that was explored includes an evaluation of the extent of Design for 
Manufacturing and Assembly that is implemented into the current Internal Product 
Development Process.  
 
The Generation chapter of this thesis outlines the sequence and process implemented for 
generating the modified Internal Product Development Process and implementing Design for 
Manufacturing and Assembly. The results of this thesis project included implementing Design 
for Manufacturing and Assembly in the form of checklists. The multiple Design for Excellence 
checklists were inspired in part by the information obtained from the literature study and the 
authors interpretation. The finished concept has been provided to Parker Hannifin QCDE in the 
form of a pamphlet including instructions of how to implement the checklists into the modified 
Internal Product development process.  
 
The discussion chapter within this report consists of a conclusion and deliberation regarding 
the methodology used within this thesis. The results obtained from this thesis have been 
dissected and evaluated along with implications and potential weaknesses in the work.  
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1 Introduction		
Parker Hannifin QCDE, Quick Coupling Division Europe, in Skövde primary focus is 
providing customers with high quality and reliable couplings for use in Climate Control, 
Construction, Forestry & Mining, Factory Automation, Food & Beverage, Industrial 
Manufacturing, Industrial Processing & Refining, Life Sciences & Healthcare, Off-Road 
Transportation, On Road, Rail & Marine Transportation and Power Generation,   
 
In order to remain competitive within their field, Parker Hannifin QCDE, henceforth Parker, 
seeks to improve their current Internal Product Development Process, henceforth PDP, with the 
help of DFMA, Design for Manufacturing and Assembly, in focus.  
 
Currently Parker’s product development primarily consists of modifying existing products to 
suit their client’s needs. These products are developed foremost with experience within the 
Parker personnel (internal expertise and judgement) of the company rather than following the 
steps within the PDPs.    

1.1 Problem	description	
The Internal PDP at Parker aligns with the larger PDP internationally used at all Parker 
locations, called Winovation, yet it is significantly reduced according to the number of steps, 
resources and time needed.  Currently minimal documentation is performed regarding the 
amount of work applied and performed within the Internal PDP. Due to the lack of 
documentation, it is difficult for personnel as well as departments within Parker to advocate 
and confirm their work.  
 
The staff rarely executes the existing Internal PDP. This is due to the extent of time needed to 
perform the tasks within each section. The absence of a solid and beneficial process weakens 
the current PDP and can reduce the effectiveness of communication between Parker and their 
clients. The lack of post-launch communication between Parker and their clients has been 
highlighted as a major disadvantage and in need of immediate attention. 

1.2 	Aim	and	Objectives		
Parker aims to eliminate as much wasted time, materials and resources as possible within their 
current Internal PDP with the help of DFMA.  
 
The main objective of this project is to improve and simplify the Internal PDP at Parker for the 
company to remain competitive within their field, as well as continue to efficiently develop and 
produce high quality products.  
 
The foundations of the modified Internal PDP will be based on DFMA as requested by the 
company. To demonstrate that the modified Internal PDP is successful, an existing coupling 
provided by the company will be analyzed according to the new framework established.   
 
The project will be conducted first and foremost to benefit Parker. If the findings are considered 
relevant to other departments within the Parker family, the information will be theirs to share. 

1.3 Methodology	
The chosen methodology for this thesis is referred to as “The simple four-stage model” by 
Cross (2008), see Figure 1. This method was chosen due to the flexibility of the stages as well 
as the clear objectives of each section. Cross (2008), developed a clear model of the design 
process based on the fundamental work of a designer whilst developing a product. 
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Figure 1.	The simple four- stage model, (Cross, 2008)	

A continual assessment circuit is shown from the evaluation to the generation stage. The main 
attraction to the simple four-stage model includes the option to circulate and evaluate generated 
ideas multiple times. Cross (2008) established that descriptive models of the design process 
frequently push for the importance of developing a solution based idea in the beginning of the 
process. The simple four-stage model represents the importance of evaluating these ideas and 
re-generating them with the input obtained from the evaluation.    
 
The exploration stage of this project can be dealt into two main sections, the literature review 
with DFMA in focus, and gathering company data. Gathering of information and data from 
Parker includes gaining a greater understanding of both the Internal and Winovation PDP, as 
well as familiarizing with the Standard FF Coupling -> C variant; ½ inch, female part, 
characteristics. Henceforth coupling, see Figure 2. 
 

 
Figure 2	Standard FF Coupling -> C variant; ½ inch 

The current assembly cell within the IF/FF- Value Stream Flat Face will be evaluated according 
to DFMA. The coupling is assembled within the IF/FF department, making this department of 
much interest whilst investigating the product. In order to build a concrete understanding of the 
current assembly cell as well as the product, attempts to assemble the coupling will be 
performed.  
 
After gathering information, the generation of the project will begin. The generation and 
evaluation sections of the project will interval between each other many times before the result 
is produced, (Cross, 2008). The generation section will include developing the modified 
Internal PDP with DFMA integrated into the process. The evaluation will include dissecting 
and evaluating the coupling with the help of the newly developed PDP.  
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Communication between the project team, the university supervisor and Parker will be 
consistent and ongoing throughout the entire project life cycle. Final recommendations along 
with the newly developed Internal PDP will be presented and delivered to the company in the 
form of a pamphlet.  
 
The pamphlet will be developed to aid the implementation and integration of the modified 
Internal PDP into Parkers product development. The pamphlet will include the modified 
Internal PDP along with a short description concerning the various variables within Design for 
Excellence, henceforth DFX. This includes the implementation of DFMA, when, why and 
where this methodology should be enforced into the modified Internal PDP. 
 
  



 4 

2 Literature	study		
The primary objective with the literature study was to evaluate and present a background of the 
alternative DFX methods, and related them to DFMA. This was carried out in order to improve 
and simplify the current Internal PDP. 
 
X meaning Excellence in the acronym DFX, is a variable which represents one of many possible 
methods such as Assembly, Environment or Manufacturing. In addition to investigating the 
alternative DFX methods, Concurrent Engineering as well as Lean Product Development have 
been investigated. These methods were included due to their connection to DFMA.  

2.1 Concurrent	Engineering		
The global manufacturing competition has increased significantly resulting in the need for 
fundamental changes within product development, (Wang, 1998). According to Backhouse and 
Brookes (1996), the need for accelerated product development has been in demand for a very 
long time. Concurrent Engineering includes systematically working towards reducing 
development time within product development, sequentially reducing time-to-market 
(Eskilander, 2001). 
 
In order for a company to increase the speed of product development, manufacturing and 
assembly tasks must be planned and organized as efficiently as possible, (Ulrich & Eppinger, 
2012). Concurrent Engineering includes coordinating tasks, activities and tools to aid the use 
of minimal time during product development, (Boothroyd, Dewhurst & Knight 2011).  
  
DFMA along with Concurrent Engineering strive to increase the speed of product development 
by organizing the manufacturing and assembly process to perform as efficiently as possible, 
(Ulrich & Eppinger, 2012). Saving time and resources are the foundation on which the problem 
description is built upon, see Section 1.1 Problem description.  

2.2 Lean	Product	Development		
According to Holmdahl (2010), Lean Product Development is concentrated and focused on 
need-products within a company. Need-products are slightly modified or upgraded versions of 
an existing product within a company, (Holmdahl, 2010). Holmdahl (2010) states the product 
knowledge and experience within the development of a need-product is very high. This 
experience and awareness contributes to ample amount of saved time within the exploration 
and generation phases of product development. 
 
A clear illustration of the importance of the use and growth of product knowledge with the 
product development can be seen in Kennedy's model, see Figure 3. This model exemplifies 
the use of prior retrieved knowledge and adds newly gained information into the process. The 
newly gained information is later documented and saved for the next need-PDP.  
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Figure 3	Knowledge value stream, (Kennedys model, 2009) 

Holmdahl (2010) suggests a five-step process to follow whilst developing a need-product, see 
Figure 4. The first stage, Product development start, involves receiving requests and/or 
demands concerning alterations within a product. For Parker this can mean a new or special 
order has been made and a unique coupling is requested. Concept generation includes 
generating concepts and ideas whilst following a list of requirements provided by the 
customers. Requirements describe conditions or capabilities that must be met or possessed by 
the product to satisfy a contract, quality standard, specification or other formally imposed items. 
Set based design is built on the fundamental building blocks of Concurrent Engineering. Set 
based design aims to optimize the design of a product to meet the challenges set by the 
requirements. The integration points of the process include reducing the amount of concepts, 
and ultimately choosing the most optimal design. The last stage within the five-step process is 
detailed design. The detailed design includes setting tolerances for the chosen concept prior to 
production.   

 
Figure 4	Need-products development process, (Holmdahl, 2010) 

Parker product development primarily consists of need-products. According to Huthwaite 
(2004), the relationship between Lean Product Development and DFMA includes the 
fundamental obligation to implement the time saving methodology in the early stages of 
product development.  

2.3 Product	development	as	a	process		
According to Ulrich & Eppinger (2012), a PDP is used to generate a structured flow of activity 
and information throughout a project. Ulrich & Eppinger (2012) identifies and demonstrates 
the majority of PDP’s in a flowchart format.  

“A well-defined development process helps to ensure product quality, 
facilitate coordination among team members, plan the development 

project, and continuously improve the process”, (Ulrich & Eppinger, 
2012 p.30).    

Cross (2008) demonstrates perspective models as PDPs that aim not only to aid the 
development of a successful product, but also encourage designers and engineers to adopt 
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enhanced ways of working. According to Cross (2008), perspective models accentuate the need 
for further analytical work prior to the generation of solutions. This is to ensure the problem, 
within the product or PDP, is fully understood. Cross (2008) highlights the importance of fully 
comprehending the problem before implementing and generating solution based concepts.  
 
Cross (2008) discusses the complications that can occur whilst having a “too detailed” PDP. 
Cross (2008) describes these processes as swamping the general structure of the PDP with fine 
details of numerous tasks. A systematic approach of the design process aims to generate a PDP 
subdivided into general working stages. This is done in hopes of simplifying and rationalizing 
the process whilst implementing it easily, regardless to branch or industry, (Cross, 2008). 

2.4 Design	for	Assembly		
If used, Design for Assembly, henceforth DFA, is implemented in the early stages of the 
concept development. DFA enables engineers and designers to concentrate on generating 
concepts with the assembly process in focus. According to Fabricius (2003), DFA is used to 
aid the assembly process as much as possible by removing unnecessary and difficult 
components within a concept. Replacing the unnecessarily difficult parts with easily 
constructed segments achieves this.  

 DFA	Guidelines	
In order of importance, (Fabricius, 2003): 
1.  Reduce part count & types 
2.  Ensure parts cannot be installed incorrectly 
3.  Strive to eliminate adjustments 
4.  Ensure parts self-align & self-locate 
5.  Ensure adequate access & unrestricted vision 
6.  Ensure parts are easily handled from bulk 
7.  Minimize reorientation  
8.  Make parts symmetrical or obviously asymmetrical 
 
Understanding what drives these costs, reduces component costs. Solutions may involve 
improving existing products by simplifying and standardizing components (Ulrich & Eppinger, 
2012). 

 DFA	as	an	evaluation	method		
The efficiency of the assembly line or department can be calculated with help of the DFA index. 
The index method is most commonly used to gain a greater understanding of what factors 
control the cost of the assembly (Ulrich & Eppinger, 2008). The three seconds within the 
equation below represent the minimal time needed in order to apply a part perfectly suited for 
assembly. 
 

𝐷𝐹𝐴	𝑖𝑛𝑑𝑒𝑥 = 	
(𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙	𝑚𝑖𝑛𝑖𝑚𝑢𝑚	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑟𝑡𝑠) ∙ (3	𝑠𝑒𝑐𝑜𝑛𝑑𝑠)

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑	𝑡𝑜𝑡𝑎𝑙	𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦	𝑡𝑖𝑚𝑒
 

 
In order to determine the minimum theoretical number of parts, three questions need to be asked 
for each component or parts within the suggested assembly, (Ulrich & Eppinger, 2008). These 
questions include: 

1. Does the part need to move relative to the rest of the assembly? 
2. Must the part be made of a different material from the rest of the assembly for 

fundamental physical reasons? 
3. Do the parts have to be separated from the rest of the assembly for assembly access, 

replacement or repair?  
 
According to Dalgleish, Jared, and Swift, (2000), there are four fundamental stages of analysis 
whilst implementing DFA into an industrial company. These are: 
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1. Function analysis: A function analysis is used to identify non-essential parts within a 

product that do not perform major functions and eliminate them. This is done by 
separating the individual parts within a product into two categories, 𝑃@ =
𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙	𝑝𝑎𝑟𝑡𝑠	 and 𝑃A = 𝑁𝑜𝑛	𝑒𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙	𝑝𝑎𝑟𝑡𝑠	 (of	 lesser	 importance). The 
identification and separation of the 𝑃@	𝑎𝑛𝑑	𝑃A parts are done with the help of Figure 5. 
By following the designated steps within the image below, the user can easily identify 
if the part within the product is essential or a non-essential part for the product to 
function.  

  
Figure 5 Flow chart used to identify 𝑃@ and 𝑃A parts within the coupling 

This way the identification process of the secondary functions is easily performed and parts can 
be eliminated. This enables the efficiency of the assembly process, regarding the separation of 
essential and non-essential parts, to be calculated with the help of the equation below.  
 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦	𝑜𝑓	𝑡ℎ𝑒	𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦		 % = 	
(𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑃@	𝑝𝑎𝑟𝑡𝑠)

(𝑡𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑟𝑡𝑠)
∙ 100 

 
2. The manufacturing analysis: The manufacturing analysis is a large analysis consisting 

of materials used, the complexity of the product, tolerances and the manufacturing 
process. These aspects are analyzed and evaluated in order to simulate ideas for 
potential part combinations to decrease costs and improve alternative manufacturing 
processes, (Dalgleish et al. 2000). 

 
3. The handling/ feeding analysis: The handling/ feeding analysis is used to ease the 

separation of parts and components from the bulk, (Dalgleish et al. 2000). 
 

4. Assembly Analysis: The Assembly Analysis involves the declaration of an assembly 
sequence flow-chart or plan. This process displays areas of improvement within 
products as well as the assembly department, (Dalgleish et al. 2000). 

 
According to Fabricius (2003), additional aspects to consider whilst aiming to reduce assembly 
time include: 

• Top-Down Assembly 
• Self-fastening features 
• Symmetry, eliminating reorientation 

 



 8 

While the DFA process highlights the problem areas, it does not automatically provide a re-
design solution. The practical and theoretically use of these techniques are often applied by 
companies after production has commenced, despite the recommendations of implementing 
DFA in the beginning of a project, (Dalgleish et al. 2000).  
The main objective with implementing DFA is to aid the assembly process as much as possible 
by removing unnecessary and difficult components within a concept, (Fabricius, 2003). DFA 
is one of two methods incorporated into DFMA which builds the foundations of the DFMA 
process. The implementation of DFMA in the Internal PDP is the fundamental goal of the 
thesis, as stated in 1.3 Aims and objectives.   

2.5 Design	for	Manufacturing	
The main objective with implementing Design for Manufacturing, henceforth DFM, into a PDP 
is to improve manufacturing productivity by minimizing the complexity of manufacturing 
operations. Addressing manufacturing problems that may occur during the conceptual phases 
of the product development reduces costs. DFM requires significant front end effort during the 
conceptual design phase. However, the loss of time is later compensated for by reducing and 
removing time needed during the development phases of the product, (Fabricius, 2003).  
 
Currently Parker does not manufacture their own parts for any of their products. According to 
the engineering staff of Parker there are no future plans to start manufacturing the components 
in house anytime soon.  
 
According to Ulrich and Eppinger (2012), the DFM method can be exemplified in five steps. 
These steps include: 
1. Calculate the manufacturing costs 
2. Decrease the costs of components 
3. Decrease the costs of assembly 
4. Decrease the costs of supporting production 
5. Take into consideration the influence of DFM decisions on other factors 
 
If implemented correctly, DFM typically leads to 20-30% reduction in production costs without 
capital investments in automation, (Fabricius, 2003). The implementation requires top-
management attention in order to obtain these results. According to Fabricius (2003), if all 
aspects and stations within a company’s production system are under control, two alternatives 
remain, improve the capacity of a company by decreasing labor costs or by focusing on DFM. 
Note, the ability to design products that cause low overhead costs might be twice as important 
as the ability to design for low labor costs, (Fabricius, 2003). 
 
According to Fabricius (2003), DFM guidelines can be separated into four different levels, see 
Figure 6. 
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Figure 6 DFM four different levels, (Fabricius, 2003) 

• Corporate level:   
The interaction between the product and other types of company products. Typically, the design 
implications on a corporate level are given little or no consideration. This is due to the level is 
situated above the typical responsibility of the project leader. Therefore, the corporate level 
frequently provides immense opportunities for design improvements. 

• Family level:  
The relationship between the different variants in the same product family.  

• Structural level:  
The relationship between the different sub-systems/components. DFM ideas within the 
structural level are often based on the understanding of the interaction between the product 
structure and the layouts of the manufacturing system. 

• Component level:  
The component level includes the design/ specification of each individual component within a 
product.  
 
According to Boothroyd, et al. (2011), management often ignore the importance of this 
sequence, therefore fail to react when the team attempts to design their product “backwards” 
starting from component level. In short, a good conceptual product design leads to meaningful 
components, but good components design does not necessarily lead to a competitive product 
design, (Boothroyd et al. 2011). 

 Rethinking	the	conceptual	product	design	by	focusing	on	DFM	
Products designed with DFM in focus normally require significantly less investments in 
automation. This is due the implementation of DFM comes after DFA. The reduced need in 
investments in automation is the result of the simplicity of the parts within the product designed 
in DFA, see section 2.4 Design for assembly. In some cases, the required investment to 
automate the assembly has been reduced 90% by means of a DFM centralized design, 
(Fabricius, 2003). 
 
Industrial companies such as Parker tend to improve manufacturability by optimizing the 
product details. This is an inadequate work pattern. Product detailing draws attention and 
resources away from conceptual issues within a product and wastes time on component 
problems that might be solved better and more cheaply by means of structural consideration, 
(Fabricius, 2003). 
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 Manufacturability	measured	in	eight	dimensions	
To establish the manufacturability of a proposed product design, it is necessary to perform 
evaluations for different areas, (Fabricius, 2003). The eight universal considerations are: 

1. Production costs: Direct costs: Workforce and materials. 
2. Overheads (indirect) costs: Logistics, quality control, etc. 
3. Quality: The ability of the product to follow the established specifications. 
4. Flexibility: The ability to adjust to alternative manufacturing methods. 
5. Risk: The largest manufacturing liability within the product design. 
6. Lead-time: The capability to obtain a low manufacturing delay between the initiation 

and execution of a process. 
7. Efficiency: The effectiveness in the employment of human and capital resources. 
8. Environmental effects: Practicing methods with low environmental impacts within the 

manufacturing process. 
 
The primary objective of the eight dimensions of manufacturability is to integrate vital 
assessment areas into the manufacturing process. This is done to prevent the spread of 
complications from one department to another department within a company. Furthermore, the 
eight dimensions of manufacturability enable companies to determine whether a product can 
be manufactured by following the steps above, (Fabricius, 2003). 
 
The primary goal with DFM is to improve manufacturing productivity by minimizing the 
complexity of manufacturing operations. DFM is the second pillar which builds the DFMA 
method. The implementation of DFMA into the Internal PDP is the main objective of the thesis, 
see Section 1.2 Aim and objectives. 

2.6 Design	for	Manufacturing	and	Assembly		
DFMA is combination of DFM and DFA. According to Boothroyd, et al. (2011), DFMA aims 
to reduce manufacturing and assembly costs by simplifying the products components as well 
as constricting the number of parts within the product. According to Otto and Wood (2001), 
the fundamental methods to upgrade design are essentially a collection of practical rules, 
consolidate to reduce part count and design for top-down insertion with alignment features. 

 Implementation	of	DFMA	
According to Boothroys, et al. (2011), manufacturing and assembly must be taken into account 
in the beginning of the design process, concept generation. This is due to over 70% of the final 
production costs are accumulated throughout the design phase of a product development. The 
foundation of DFMA is built on the following segments: 

• Identifying waste in the production 
• Quantifying (Recognizing) the amount of waste in a product 
• Eliminating the waste in the product 

 
Note: The waste includes, time, materials and resources such as manpower. 
 
According to Boothroys, et al. (2011), the implementation of DFMA enables designers and 
engineers to determine the success of a product or concept by assessing the assembly and 
manufacturing possibilities. This process delivers manageable and dependable products that are 
cost-efficient to produce. In addition to producing dependable products, the number of parts are 
reduced and the functionality within each part is enhanced (Boothroys, et al. 2011).     
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Figure 7 The DFMA process, (Boothroys, et al. 2011) 

Figure 7 above outlines the procedures taken whist implementing DFMA into the product 
development. The DFA analysis is conducted first, resulting in a simplified version of the 
product design. DFM contributes with an early cost estimations of the product design enabling 
the project group to gain a greater understanding of what cost can be reduced. This can be done 
by for example eliminating or replacing materials within a concept, (Boothroys, et al. 2011). 

2.7 Design	for	Environment		
Design for environment, henceforth DFE, is a design method used to include and bring attention 
to environmental aspects within a PDP, (Ulrich & Eppinger, 2012). 
 
To advance from less harmful to truly environmentally friendly products, McDonough and 
Braungart (2002) introduced a DFE method that focuses on three key areas of product design: 

• Material chemistry: What chemicals comprise the specified materials? Are they safe 
for humans and the environment? 

• Disassembly: Can the products be taken apart at the end of their useful life to recycle 
their materials? 

• Recyclability: Do the materials contain recycled content? Are the materials readily 
separable into recycling categories?  

 
It is important to understand that every product has an environmental impact during its lifespan. 
DFE provides companies with practical methods to minimize or eliminate environmental 
impacts. Effective DFE maintains, and in some cases, improves product quality and diminishes 
cost while reducing environmental impacts. DFE expands the traditional manufacturing focus 
to consider the full product life cycle and its relationship to the environment, see Figure 8. It 
begins with the extraction and processing of raw materials from natural resources, followed by 
production, distribution, and use of the product. Finally, at the end of the product’s useful life 
there are several recovery options: remanufacturing or reuse of components, recycling of 
materials, or disposal through incineration or deposition in a landfill, to reintegrate the product 
into a closed loop cycle, (Ulrich & Eppinger, 2012). 
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Figure 8 Eco strategy wheel, Ulrich & Eppinger, 2012 

DFE connection to DFMA include the ambition and intention to reduce the amount of wasted 
materials whilst producing a product. The implementation of DFMA in the Internal PDP is a 
large component within the main objective of the thesis, see section 1.2 Aim and objectives. 

2.8 Summary	of	the	literature	study		
A literature study was conducted in order to gain a greater understanding of the definition and 
the connection between DFMA and the remaining methods within this chapter, as well as the 
connection and relationship between the methods and the initial goal with this thesis.  

 Concurrent	Engineering	and	its	connection	to	DFMA		
Concurrent Engineering includes systematically working towards reducing development time 
within product development, sequentially reducing time-to-market (Eskilander, 2001). DFMA 
along with Concurrent Engineering strive to increase the speed of product development by 
organizing the manufacturing and assembly process to perform as efficiently as possible, 
(Ulrich & Eppinger, 2012).  

 Lean	Product	Development	and	its	connection	to	DFMA		
Per Holmdahl (2010), Lean Product Development, is focused on need-products within a 
company. Need-products are slight modified or upgraded versions of an existing product within 
a company. Holmdahl (2010) states the product knowledge and experience within the 
development of a need-product is very high resulting ample amounts of saved time within the 
exploration and generation phases of product development. 

 DFA	and	its	connection	to	DFMA		
The main object with implementing DFA is to aid the assembly process as much as possible by 
removing unnecessary and difficult components within a product, (Fabricius, 2003). DFA 
should be implemented in the early stages of the concept generation in order for the method to 
be performed as efficiently as possible. DFA is one of two methods incorporated into DFMA.  

 DFM	and	its	connection	to	DFMA		
The primary goal with DFM is to improve manufacturing productivity by minimizing the 
complexity of manufacturing operations. Along with DFA, DFM requires ample amount of 
time during the conceptual design phase. However, the loss of time is later compensated for by 
reducing and removing time needed during the development phases. DFM is the second pillar 
which the DFMA method is built upon.  

 DFE	and	its	connection	to	DFMA		
DFE is a design method used to include and bring attention to environmental aspects whilst 
developing a product, (Ulrich & Eppinger, 2012). The main objective whilst implementing DFE 
is to advance from less harmful, to truly environmentally friendly products. DFE connection to 
DFMA include the ambition and intention to reduce the amount of wasted materials and time 
whilst developing a product. 
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2.9 Conclusion;	Literature	study		
Considering DFMA is a combination of both DFM and DFA, the application of these sections 
will occur independently. This is due to the order of implementation of these two methods. 
DFA is to be enforced within the PDP as early as possible, prior to the DFM. This is to aid the 
development team, project group, by avoiding changing the concept design several times, see 
section 2.4 Design for Assembly.  
 
Due to the lack of manufacturing within Parker, the implementation of DFM can be difficult. 
The information gather concerning DFM, see section 2.5 Design for Manufacturing, will be 
presented in the pamphlet as checking points of observation to consolidate the providing 
manufacturing companies. This information includes alternative options to be investigated to 
reduce costs for both parties. 
 
Parker’s product development primarily consists of need-products, see section 2.2 Lean Product 
Development. The relationship between Lean Product Development and DFMA include the 
fundamental obligation to implement the time saving methodology in the early stages of 
product development. This information and methodology will be implemented into the 
modified Internal PDP to create options as well as save resources and time for the development 
of new concepts and need-products.  
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3 Empirical	study	and	data	collection		
The exploration phase of this thesis includes collected data and information concerning the 
Internal PDP and Winovation PDP performed at Parker. The primary difference between the 
two PDPs includes the amount of time and resources required to develop the product. The 
Internal PDP is performed if a project is predicted to take 60 engineering hours or less to 
complete. The Winovation PDP is practiced if the project is estimated to exceed 60 engineering 
hours.  
 
The analysis of the Internal PDP at Parker, both in theory and in practice has been conducted 
in order to identify its key characteristics along with the PDPs strengths and weaknesses whilst 
developing products. These observations will later be implemented and evaluated whilst 
generating the modified Internal PDP.  
 
After analyzing the current Internal PDP with the head of departments at Parker along with the 
cross-function team, the assembly process within the IF/FF- Value Stream Flat Face department 
was analyzed and evaluated according to performance and efficiency whilst assembling the 
designated coupling. In addition to the analysis of the assembly department, the coupling has 
been evaluated according to DFMA principles supplied by the previous chapter, see 2 Literature 
study. This information was used a guide for further evaluation of the current Internal PDP at 
Parker.  
 
The engineering staff at Parker mentioned the use of DFMA methodology however; they 
acknowledged that use of the terminology was limited and rarely implemented in actual 
practice. In addition to this, little to no documentation of the methodology performed is readily 
available to the engineering team. Due to the lack of documentation, there is no way to refer to 
previous projects when an order for a need-product is made.  
 
A visit was conducted at one of Parker’s main suppliers. This visit was performed to gain a 
greater perspective of the production and manufacturing process of the back body and locking 
sleeve within the coupling.  
 
The main objective with the empirical study is to define the areas which could potentially be 
improved within the current Internal PDP by implementing chosen DFMA principles with the 
help of the company supervisor. 

3.1 Internal	PDP		
The first two stages within the Internal PDP, see Figure 9, include receiving a new order along 
with requests and requirements needed within the product. Generally, the customers provide 
Parker with mechanical drawings along with measurements plus a short product description 
where the product is to be used and its application. Steps from 3 to 5 include designating the 
project, order to a specific Parker location. This is done by developing cost and time estimations 
needed to produce the product. These stages also include evaluating the equipment and 
resources needed within the alternative Parker locations.  
 
6 Principle design, seen in Figure 9, represents the start of the Internal PDP at Parker. The 
Internal PDP is chosen if the project is estimated to take 60 engineering hours or less. The 
percentages seen in Figure 9, represents the percentage of completion within the project whilst 
conducting the Internal PDP.  
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Figure 9 Internal PDP at Parker	 

The stages within the Internal PDP have been evaluated according to what is performed in each 
stage. This information was provided by the engineering staff at Parker. The numbering to each 
explanation follows the figure above, see Figure	9. 
 
6.  Principle design 
The steps within the principle design stage are already completed and decided in 3 Project 
description process. This is to say the requests of a new product have been made and mock-up 
CAD images have been generated. This stage is not completed under this segment. 
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7.  Design review for principle solution 
The design review is also established in 3 Project description process. This stage is not 
completed under this segment. 
   
8.  Decision OK? (performed by the cross-function team) 
This is the first decision window within the PDP. After the design review there is an opportunity 
to abort the project if needed, or to go back to the design review and redesign the product. The 
cross-function team, includes marketing personnel, engineers and management. The team, 
registers a Request for Quotation (RFQ), whilst making the decision to continue or abort the 
project. The decisions are based on experience and knowledge from prior projects. 
 
9.  Design phase 
The design phase includes producing CAD drawing and specifications to meet the products 
required function, quality, and tolerances. 
 
10.  DFMEA 
DFMEA, Design Failure Mode and Effect Analysis, includes a checklist that should be 
followed to identifying all possible failures in a design, manufacturing or assembly process. 
This stage is not done in all projects. 
 
11.  Design review of the design 
The design review includes controlling and correcting CAD files and specifications concerning 
the product. This phase is rarely executed. If the design review is performed, it includes 
colleagues reviewing the CAD drawings and making suggestions or alterations based on 
previous knowledge.     
 
12.  Decision OK? (performed by the cross-function team) 
After the risk assessment, the same cross-function team has a second opportunity to continue 
with the project or abort the project.  
 
13.  Make drawings for prototypes 
The drawing consists of CAD models, not manual sketches or drawings. This stage is not 
completed here, but has already been completed in stage 4. Design phase. 
 
14.  Prototype testing 
Parker obtains high end equipment used for testing products and prototypes. Despite the fact 
the machinery is used for testing overseas products from France, Germany and the United States 
of America, the newly developed products from Skövde, Sweden, are rarely tested in this 
machinery. 
 
15. Design review 
The design review in this stages includes controlling CAD models and evaluating cost within 
the assembly department. This is done by the cross-function team, and very rarely executed. 
  
16. Decision OK? (performed by the cross-function team) 
This is the third decision window after the last design review. This is the last chance the cross-
function team must abort the project. If the prototype does not fulfill the wants and needs of the 
client or Parker, the concept is re-evaluated or aborted. If the prototype is sufficient per the 
client and the company, the concept is sent to the pre-series for production.  
 
17. To pre-series and/ or Zero series 
The pre-series stage, the last official stage, includes a checklist which consists of numerous 
aspects. The main-focus lies within the assembly department, checking the right equipment is 
available as well as assembly instructions.  
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3.2 Analysis	of	the	current	Internal	PDP		
An analysis of the current Internal PDP concerning the stages within the process was done with 
the help of two mechanical engineering employees at Parker. The figure below, Figure 10, is 
color-coordinated to distinguish the steps performed from the steps that are not performed 
within the Internal PDP. For a more detailed view of this figure see Appendix nr.1. Green 
represents the steps (stages) within the Internal PDP that are performed, yellow stands for the 
stages that are not performed, and pink represents the stages that are not performed but should 
be executed according to the engineering staff at Parker.		
	

 
Figure 10 Internal PDP analysis, see Appendix nr.1 for a larger image. 

 Result	of	the	Internal	PDP	analysis		
Currently 50% of the Internal PDP is not completed, 41% is completed and 9% is not completed 
but should be completed, according to the engineering staff at Parker. Within the input section 
of the Internal PDP, 38% is not completed, 38% is performed and 24% is not completed, but 
should be, according to the engineering staff at Parker.    
 
The output section of the Internal PDP consists of 28% not being completed, 58% is completed 
and 14% is not completed, but should be per the engineering staff at Parker. 
 
After evaluating the Internal PDP with the help of the engineer department, the results showed 
59% of the steps are not completed, and 72% of the outcomes are not obtained or documented. 
These numbers show that compliance of the Internal PDP could be significantly improved and 
reinforce the objectives of this thesis, see Section 1.2 Aims and objectives. One of the objectives 
within this project includes improving and simplifying the Internal PDP at Parker to increase 
utilization in all stages. This is to equip the employees at Parker with a simple yet effective 
PDP and will significantly reduce the numbers of skipped steps. 

 Conclusion;	Analysis	of	the	Internal	PDP			
Currently very little DFMA is implemented into the Internal PDP according to the engineering 
staff at Parker. There is no window within the Internal PDP dedicated to DFMA, along with 
the absence of sufficient documentation concerning the implementation of this methodology.  
 
The lack of DFMA implemented in the current Internal PDP has identified numerous areas of 
opportunity. Due to the absence of DFMA in the current PDP, the generation chapter, Chapter 
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4, will consist of generating new and innovative ways of enforcing DFMA into the modified 
Internal PDP.  

3.3 Winovation	PDP	
The Winovation PDP, as mention previously, in Section 1.2, Problem description, is selected 
if the project is estimated to exceed 60 engineering hours or a high monetary value whilst being 
developed. Winovation drives Parkers innovation foundation by supplying a regulated process 
with defined phases or 'stage gates' and metrics, (www.Ph.parker.com). 
 
The percentages within the Winovation PDP are used as guidelines for the project group, and 
provide an indication of the completion within the stage of the project. As stated by the 
company supervisor the first two segments, 1 Concept and 2 Feasibility are hardly ever 
performed.  Parker states that 40% of the Winovation PDP is not performed resulting in the 
execution of only 60% or less of the process, see Appendix nr.2.  

3.4 Analysis	of	the	current	Winovation	PDP		
The Winovation PDP was evaluated and questioned according to which stages within the PDP 
were performed whilst developing larger and more time-consuming products, see Appendix 
nr.2. The same evaluation technique seen in Section 3.2 Analysis of the current Internal PDP, 
was implemented to the Winovation PDP. The color-coding evaluation method was performed 
with the input of the engineering staff at Parker. 

 Result	of	the	Winovation	PDP	analysis		
The consequences for skipping steps are plentiful. As mention previously in Section 2.3 Product 
Development as a Process, a PDP is used to generate a structured flow of activity and 
information throughout a project, (Ulrich & Eppinger, 2012). The lack of control generates 
quality deficiency within Parkers current PDPs.  
 
Cross (2008) discusses the complications that can occur whilst having a “too detailed” product 
development, such as the case of the Winovation PDP. The results of a “too detailed” PDP can 
lead to confusion among employees resulting in uncompleted steps and stages within the 
process.   

 Discussion	and	conclusion	of	the	Winovation	PDP	analysis	
The main drivers why so little of the Winovation PDP is currently performed is due, to a large 
degree, from the length of time between each meeting, often up to three months. The large time 
span between meetings within the company delay or defer the completion of the projects and 
impacts communication between project team members. Further, some of the learnings or ideas 
can be lost during these long breaks.   
 
Presently there is little to no documentation to advocate for the process. The limited data 
acquired is not organized for every order or coupling prototype, resulting in little to no 
documentation. According to the engineering staff at Parker, the majority of the decisions are 
based on experience rather than methodology. Therefore, the results and documentation 
gathered from previous projects vital for future projects for Parker, are not captured in a useful; 
and productive manner.     
 
An additional reason to why this process is not performed properly is due to the amount of steps 
within the PDP. According to the engineering staff at Parker, the Winovation PDP is not 
equipped with the tools and steps to successfully develop products on time and make a profit. 
This results in the project team skipping steps and stages within the process as they are not 
properly motivated or resourced, see Section 3.4 Analysis of the current Winovation PDP, as 
well as Appendix nr.2.  
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To conclude, the Winovation PDP is a standardized as a worldwide company process for all 
Parker locations. Due to this, no major changes could be done to this PDP. The focus of 
alterations and suggestions are therefore aimed towards the Internal PDP. 

3.5 Product	description		
After evaluating the Internal and Winovation PDP the coupling was analyzed based on DFMA 
guidelines. The coupling was first evaluated by separating the parts and assessing their 
functions. The coupling was later classified according to DFMA aspects supplied by the 
previous chapter, see Chapter 2 Literature study. 
 
As mention in Section 2.4.1 DFA Guidelines, to reduce part count and types is the first DFA 
guideline principle. These guidelines are used to aid the assembly process as much as possible 
by removing unnecessary and difficult components within the coupling (Fabricius, 2003). This 
is one of the key elements that have been evaluated whilst investigating the coupling.  
 
The coupling is produced for medium pressure applications with up to 800 bar working 
pressure, (www.Ph.parker.com). Parker's Flat Face Quick Coupling Series FF is a dry break 
coupling system.  This means that throughout disconnection of the coupling there is no oil loss, 
and during connection there is no addition of air into the system.  

3.6 Component	analysis			
To present a component analysis of DFMA techniques, an inquiry of all parts within the 
coupling was made, see Figure 11. As mentioned in Section 2.4.3 Reducing assembly time, 
additional aspects to consider whilst aiming to reduce assembly time include: Top-Down 
Assembly, self-fastening features and symmetry. Dissecting the provided coupling produced a 
greater understanding of how to apply the principles into the PDP.  
 

 
Figure 11 Top-down assembly coupling 

Boothroyd et al. (2011) state that DFA is a method by which products are conceived by taking 
simplistic alternatives of assembly into consideration. If a product is composed with fewer parts 
it will take less time to assemble, thereafter decreasing assembly costs. Moreover, if the parts 
are supplied with lineaments, which are used to facilitate insertion, orientation, fitting parts 
together, grasping and movement, the assembly time and assembly costs will be additionally 
decreased.  
 
An elaborate analysis was performed to the existent parts within the coupling. This was 
executed to gain a greater understanding of the alternative characteristics within the coupling. 
As mentioned in Section 2.6 Design for Manufacturing and Assembly, DFMA is a combination 
of DFM and DFA. Per Boothroyd et al. (2011), DFMA aims to reduce manufacturing and 
assembly costs by simplifying the products components as well as constricting the number of 
parts within the product.  

3.7 Part	description		
The table and figure below, see Table nr.1 and Figure 12, consist of a list of the components 
within the coupling and indicated where they are situated in the product. The components were 
evaluated piece by piece concerning function, material and durability. 
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Table 1 Part names 

 
Figure 12 Coupling image 

Part No.1 Back-body: Back-body’s main function is to connect the frontal interface of the part 
to the hose. The Back-body is made of leaded free cutting steel for the mass production of parts 
where the requirements on the mechanical properties are low, (www.begroup.com). The back-
body weighs 226.60 g. 
 
Part No.2 Valve holder: The main function of this piece is to hold the valve straight and let the 
hydraulic fluid pass through. This piece is made of free-machining steels (SS1957). Free-
machining steels are improved for machinability. This is accomplished at the expense of other 
properties, like ductility and toughness. Due to this, this type of material should only be used 
for components or constructions that are subjected to low loads. The calculated weight of the 
Valve holder is 68g.  
 
Part No.3 Valve: When the coupling is closed the main function of the valve is to prevent 
leakage with the help of the O-ring that is encrusted within the piece, it weights 27.34g. This 
part is made from (ETG 100) high-strength special steel, (www.begroup.com).  
 
Part No.4 Ball cage: This piece is also known as the “body” because almost everything is 
connected to it. The piece holds everything together, at the same time the extrusion for the balls 
allows its users to lock and unlock the coupling. The ball cage is made from the same material 
as the Valve holder. The ball cage weights 108.20g. 
 
Part No.5 Dust Sleeve: This piece prevents dust coming inside the coupling. The Dust sleeve 
is made of lead free cutting steel (SS1914-04). This material works for the mass production of 
parts where the requirements on the mechanical properties are low, (www.begroup.com). The 
dust sleeve weights 17.72g. 
 
Part No.6 Locking sleeve: This piece includes an extrusion for the beads. When the coupling is 
opened, the beads are facing upwards inside the sleeve, and when the coupling is connected the 
sleeve pushes forward, and the beads come down. The Locking sleeve weighs 70.87g. 
 
Part No.7 Guide: The guide’s main function is to hold other parts together inside the coupling 
and to prevent leakage. The guide piece is made of free-machining steels (SS1957).    
 
Part No.8 Locking ring: The locking ring is manually pushed and twisted into position. Its 
function is to prevent likings within the flow of the hydraulic oil through the coupling. The 
locking ring weighs 38.81g.  
 
Part No.9 & 10, Beads (3mm and 4mm): The coupling consists of 3mm beads and 4mm beads. 
The 3mm beads are used as a locking mechanism to secure the locking ring, and the other 4mm 
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beads are situated around the ball cage to distribute the pressure loads between the male and 
female part. Male and female parts tend to want to separate due to the hydraulic force. The 
beads keep them connected and in place.  
 
Part No.11 Valve Sleeve: This piece keeps the coupling from leaking fluids. The dust sleeve is 
used to push the valve sleeve until it opens for the product to function. There are two O-rings 
connected to this part to prevent the leakage. The valve sleeve is made of free-machining steels 
(SS1957). 
 
Part No.12 &17 O-ring: The O-rings main objective is to prevent leakage. Both of the O-rings 
are made of Nitrile. The O-rings have high extrusion resistance making them suitable for very 
high pressure static applications, (www.Ph.parker.com) 
 
Part No.13 Spring for valve sleeve: The material is made of Stainless spring steel SS 2331-06, 
a cold-rolled stainless strip possessing good spring qualities. This material is considered ideal 
for punch press work, (www.alas-kuul.lv). If the spring is too weak, leaks can occur inside the 
valve sleeve. 
 
Part No.14 Spring for Dust sleeve: This spring presses back the dust sleeve when the nipple is 
inserted and returns to its original position when disconnected. The material is made of 
Stainless spring steel SS 2331-06 (DIN 17224).  
 
Part No.15 Spring Locking mechanism: This spring allows the locking mechanism between the 
locking ring and the locking sleeve to be completed when the nipple is inserted in the female 
part. The material is made of Stainless spring steel SS 2331-06 (DIN 17224).  
 
Part No.16 Backup ring: The part is used for static and dynamic applications and is used to 
prevent extrusion of the O-ring into the diametric clearance. The single cut and spiral design 
rings are easily installed into closed grooves and recommended for high pressure use, 
(www.Ph.parker.com). 

 Discussion	and	conclusion	concerning	the	part	analysis		
There are 28 parts within the coupling, and all are manufactured by external suppliers. The 
parts vary in function, size, cost and materials but required to meet minimum quality standards.   
 
The information above in Section 3.3.2 Part description, allowed a greater understanding of 
each components characteristics within the coupling. Furthermore, the guidelines within DFA 
seen in Section 2.4.1 DFA Guidelines, will be implemented as steps inside the existing Internal 
PDP to identify the gaps in the current design process. 

3.8 DFA	Process	and	results		
According to Boothroys, et al. (2011), the DFA process includes several steps that must be 
considered and evaluated in order to improve the product per DFA, see Section 2.4.2 DFA as 
an evaluation method.  
 
The DFA	analysis	worksheet, see Appendix nr.3 presents the results of the steps concerning 
DFA aspects within the coupling. As mention previously in Section 2.4 Design for Assembly, 
grasping, re-orientation and insertion performances are additional contributing factor that need 
to be considered to reduce the assembly time, (Favi, Germani & Mandolini, 2016). The DFA 
worksheet was first completed without any outside input or help. This was to obtain un-
influenced results concerning the DFA aspects within the coupling.  

3.9 DFA	complexity	
Figure 13 below is the metric for assessing complexity of a product with DFA, see Appendix 
nr.3 There are two factors to take into consideration when applying this metrics, the number of 
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parts within the product and the number of interfaces. When parts are constructed of separate 
materials they increase part to part contact, also known as interfaces. Interfaces can be evaluated 
by dissecting the product and counting contact areas between all parts within the product, 
(Boothroys, et al. 2011).    
 

 
Figure 13 Diagram of Part to part interfaces within a product 

Understanding part manufacturing cost allows designers and engineers to calculate the effect 
of part complexity versus part reduction. Occasionally the result of multifunctional parts has 
immense complexity outcomes that increase manufacturing costs. This outcome becomes the 
opposite of the desired result, (Boothroyd, et al. 2011). 
 
The purpose of this analysis is to minimize the number of parts and the number of interfaces 
once the coupling is redesigned. The data obtained from the calculations provides a reference 
value for the new product design. The aim is to reduce complexity outcomes, resulting in 
reduced manufacturing costs within the coupling. These results can be obtained with the help 
of the equation below, (Boothroyd, et al. 2011):  
  

𝐷𝑒𝑠𝑖𝑔𝑛	𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑖𝑡𝑦	𝑓𝑎𝑐𝑡𝑜𝑟 = 	𝐷𝐶𝐹 = Σ𝑇𝑚𝑝 ∙ Σ𝑁𝑖 
 
Tmp= Theoretical minimum parts  
Ni= Number of interfaces 

 Results	from	the	DFA	complexity	calculations		
The goal is to obtain as low or small, number as possible. This method is used for assessing the 
complexity of a product design, see Appendix nr.3. The results from the DFA complexity 
calculations are as followed: 

𝐷𝐶𝐹 = Σ𝑇𝑚𝑝 ∙ Σ𝑁𝑖 
 

Couplings complexity factor = 𝐷𝐶𝐹 = Σ28 ∙ Σ63 = 1764 = 42 

3.10 Determine	relative	part	cost	levels		
A subjective estimation was performed with the help of the engineer department and the price 
list within the system. This was performed in order to gain a greater understanding of the cost 
of the individual parts within the coupling. Values were established relative to other parts within 
the coupling, low*, medium* and high*, see Appendix nr.3.  
 
In order to determine the relative cost, the weight, dimensions, number of interfaces and 
extrusions were taking into consideration, see Section 3.7 Part description. 

3.11 Cost	breakdown		
After determining the redesign opportunity regarding cost per part, the coupling cost 
breakdown was carried out, see Figure 14. The cost breakdown chart was used as visual aid to 
separate expensive parts from the lesser expensive parts within the coupling. This was done to 
determine which parts obtained a higher percentage within the unitary coupling price, and 
investigate the possibility to improve the cost with the help of DFM. The chart percentages 
were based on current unit prices of each part provided by Parker.  
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Figure 14 Cost breakdown 

 Cost	breakdown	results		
As seen in Figure 14, the three parts which obtained the highest value include the Ball cage, 
13.67%, the Valve holder, 12.86%, and the Guide with 11.75% of the unitary coupling price. 

 Analysis	of	all	metrics		
Applying target values is fairly subjective. Target values represent goals for the design process, 
design team and engineers involved. See Appendix nr.3 for more information about the DFA 
indexes obtained within this evaluation. Ideally the design is improved to a point where there 
are no more issues or “opportunities for improvement”, (Boothroyd et al. 2011). If this is 
performed properly, the assembly indexes obtain the target value of zero in the numerator, see 
Figure 15 below. 

 
Figure 15 Analysis of all metrics 

Error proofing is an error prevention technique, (Boothroyd et al. 2011). The values can be 
obtained from the DFA checklist, see Appendix nr.3.  
  

Assemble	wrong	part	 + 	Assemble	part	wrong	way	around
Theoretical	minimum		part

=
4 + 1
28

= 0.17	 

 
The result, 0.17, is close to the target value, zero. There remains room for improvement within 
the coupling.  
	
 
The handling index is used to calculate the difficulty whilst manipulating a part during the 
assembly process, (Boothroyd & Dewhurst ,1994). The handling index will indicate the 
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percentage within the coupling that that poses features creating handling difficulties, see 
Appendix nr.3.  
 

𝑇𝑎𝑛𝑔𝑙𝑒, 𝑁𝑒𝑠𝑡 + 	𝑆ℎ𝑎𝑟𝑝, 𝑆𝑙𝑖𝑝𝑝𝑒𝑟𝑦 + 𝑃𝑙𝑖𝑒𝑟𝑠, 𝑇𝑤𝑒𝑒𝑧𝑒𝑟𝑠
Theoretical	minimum		part

=
3 + 7 + 3

28
= 0.46 

  
According to, Boothroyd and Dewhurst (1994), the Insertion index states the assembly of a part 
should be stable, fall into place, easy to align within the other parts, see Appendix nr.3.  
 
𝐷𝑖𝑓𝑓𝑖𝑐𝑢𝑙𝑡	𝑡𝑜	𝐴𝑙𝑖𝑔𝑛 + 𝐻𝑜𝑙𝑑𝑖𝑛𝑔	𝑑𝑜𝑤𝑛 + 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒	𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛 + 𝑂𝑏𝑠𝑡𝑟𝑐𝑢𝑡𝑒𝑑	𝑎𝑐𝑐𝑒𝑠𝑠

Theoretical	minimum	part
=
3 + 4 + 5 + 2

28
= 0.50 

 
2nd operation index highlights unnecessary operations that can be avoided whilst assembling 
the coupling with the help of re-design alternatives, (Boothroyd & Dewhurst ,1994), see 
Appendix nr.3.   
 
𝑅𝑒𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑒 + 𝑆𝑐𝑟𝑒𝑤, 𝐷𝑟𝑖𝑙𝑙, +𝑆𝑜𝑙𝑑𝑒𝑟, 𝐺𝑙𝑢𝑒 + 𝑃𝑎𝑖𝑛𝑡, 𝐿𝑢𝑏𝑒, +𝑀𝑒𝑎𝑠𝑢𝑟𝑒, 𝐴𝑑𝑗𝑢𝑠𝑡

Theoretical	minimum	part
=
0 + 6 + 2 + 3 + 2

28
= 0.46 

3.12 Function	analysis		
A function analysis is a method used to review the function of individual parts within a product. 
This method was used to investigate the amount of essential parts vs. non-essential parts within 
the current coupling. According to Fabricius, (2003), reducing the number of parts is the 
fundamental aspect of implementing DFA into a product, see Section 2.4.2 DFA as an 
evaluation method.  
 
The implementation of this method enables its users to identify the percentage of vital parts 
within their product. By implementing this method to the coupling the results will indicate the 
percentage of crucial parts vs. non-vital parts for the product to function. These results have 
also provided insight to how much DFA is currently implemented in the Internal PDP at Parker. 
 
The function analysis includes identifying essential parts, the parts needed for the product to 
function 𝑷𝟏 = 𝑬𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍	𝒑𝒂𝒓𝒕𝒔, (Tmp) and secondary parts, non-necessary for the function 
of the product 𝑷𝟐 = 𝑵𝒐𝒏	 − 𝒆𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍	𝒑𝒂𝒓𝒕𝒔. The chart seen in Section 2.4.2 DFA as an 
evaluation method, Figure 5, was followed to identify which categories the part should be 
applied to. Mind that the design efficiency is applied to pre-screen a design option before more 
time is consumed on it. The targeted design efficiency result is 60% or more, (Boothroyd et al. 
2011). 

 Function	analysis	results	
The equation below identifies the percentage of 𝑃@ parts (Tmp) within the standard coupling. 
This equation aids the elimination process of non-essential parts by viewing the percentage of 
base parts within the product. See Appendix nr.3.  
 

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛	𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠	(%) = 	
[(𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓	𝑃@	𝑝𝑎𝑟𝑡𝑠)

(𝑡𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑟𝑡𝑠)]
∙ 100 

 

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛	𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠	(%) =
28
30

∙ 100 = 93.33% 

 
The function analysis results show a high value of 93.33%. This value represents the percent 
of vital parts within the coupling. According to the Lucas method DFA (www.Deed.ryerson.ca 
), the targeted design efficiency result is 60%. This result indicates that the coupling has 
exceeded the target value immensely.  
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3.13 Standardizing	parts		
After analyzing the function of the essential and non-essential parts within the coupling, the 
possibility of part standardization within the coupling was investigated. This analysis grants the 
use of standard parts to reduce product variations. Standard parts are most commonly cheaper 
than custom-made components, (Boothroyd & Dewhurst, 1994). The aim is to reduce the 
number of categories as well as the number of design characteristics within each alternative. 
Two questions need to be answered to determine if it was possible to standardize any of the 
parts within the coupling, these include: 

1. Can the current part be standardized? (Within the assembly station, within the full 
assembly, within the plant, within the company, within the manufactory companies?).  

2. Should the parts be standardized?  
 
If both questions are answered with a yes, a (Y) value is assigned to that specific component. 
If the answer is no on either of the questions, a (N) is assigned to the part.  

 Results	and	discussion	of	the	part	standardization			
The results obtained from the part standardization included 4 (Y) out of the 17 parts analyzed, 
see Appendix nr.3. The four parts that obtained a (Y) value include the O-ring, back-up O-ring, 
bead and the beads, see Section 3.7 Part description. The rest of the parts within the coupling 
obtained (N) values which means they cannot be standardized.   
 
The results inspired conversation within the engineering staff concerning manufacturing and 
developing these parts, first and for most the beads, which are not manufactured in-house at 
Parker. In addition to this, the analysis revealed the possibility of standardizing these parts for 
all couplings with identical dimensions and sizes. 

3.14 Theoretical	part	count	efficiency	
The theoretical part count efficiency is determined by dividing the theoretical minimal number 
of parts between the total numbers of parts. The theoretical number of parts are determined by 
investigating the possibility of combining several parts, two parts, into one part. This is done 
to decrease the amount of parts within the product, see Section 3.9 DFA complexity.   

 Results	and	discussion	of	the	theoretical	part	count	efficiency		
A composition of the two separate O-rings, the O-ring and the back-up O-ring, can potentially 
be merged into one part, see Section 3.13.1 Results for part standardization.  
 
The rule of thumb whilst implementing this method is to obtain a percentage as high as possible. 
The goal is to obtain a value higher then 60%. The high results from the theoretical part count 
efficiency expose the minimal amount of parts that can be merged within the coupling. 
Therefore, the DFA principles must be applied within other areas such as reducing time or 
resources.  

3.15 Opportunity	identification		
Due to the efficiently of the current coupling, see Section 3.12.1 Function analysis results, the 
elimination of parts within the coupling will no longer be inspected. The investigation regarding 
the implementation of other DFMA guidelines continued. This was done by analyzing the 
assembly process and to a lesser extent the manufacturing process of the designated coupling.  
 
Operating as a user of the product or service enables designers and engineers to gain a greater 
understanding of how the product is conducted and operated by its focus group. Being a primary 
user of the product aids the project group to identify current problems and faults within the 
existing product or service, (Cross, 2008). 
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3.16 User	scenario	method	
The aim is to identify potential areas for improvement within the assembly department and 
implement them into the modified Internal PDP. According to Cross (2008) the main objective 
of the user scenarios method is to establish opportunities in order to improve a product or 
service. To find potential modifications and identify opportunities within a product or service 
several areas need to be researched and evaluated, (Cross, 2008).  
 
Due to the results obtained from Section 3.12.1 Function analysis results, is has become evident 
that eliminating parts within the coupling is not necessary due to the efficiency of the current 
product. The next step is to investigate if alternative DFMA efficiency principles are 
implemented during the execution of the Internal PDP. This will be done by analyzing the 
assembly process and to a lesser extent the manufacturing process of the designated coupling. 
The objective is to identify potential areas for improvement within the production process first 
and ultimately relate them to the current Internal PDP. 
 
The evaluation was conducted based on the DFA guidelines, mentioned previously, see Section 
2.4.1 DFA guidelines. Opportunity identification was applied whilst examining the assembly 
process of the coupling within the IF/FF department. Previously written documents including 
check points influenced by DFA guideline, see Section 2.4.1 DFA guideline, were used to aid 
the evaluation of the assembly of the coupling. The assembly was later performed with the help 
of two assembly personnel whom guided and explained each segment of the assembly. This 
was done in order to gain a greater understanding of the assembly process and determine 
opportunity windows according to DFA principles.   
 
The steps and procedures performed by the assembly team within the IF/FF department were 
followed and documented. All stages completed by the assembly team were performed by two 
employees. These steps included retrieving the order from the order desk, picking parts from 
the various storage departments and assembling the coupling step by step.  
 
Experienced assembly operators were observed whilst assembling the coupling. The employees 
shared thoughts and opinions of the various stages within the assembly, both positive and 
negative. The process was supervised by the head of production, an assembly employee and an 
engineer. The outcome was recorded with a phone and documented on paper. 

 Conclusion	
The data obtained highlighted deficiencies within the current assembly process of the coupling, 
such as difficulties inserting the O-ring in the right position and the manual effort in the testing 
of the coupling. 
 
Both experience and non-experienced users of the product or service provided valuable input 
and opinions. By observing the users of the product or service, complications and difficulties 
can be recognized and improved, (Cross, 2008). 

3.17 Scale	questions	for	the	personnel	within	the	IF/FF	Assembly	department			
Six people within the assembly team were asked to fill out a questionnaire concerning the 
performance and use of the current IF/FF assembly station. These questions were generated in 
order to gain a greater understanding of the difficulties regarding DFA guidelines within the 
current IF/FF assembly department, see Appendix nr.5.  

 Conclusion		
The questionnaire included a short answer where the employees were asked to check the box 
they found best represented their thoughts upon the subject. The opportunity to write a more 
detailed answer was possible under each scale question.  
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The numbers within each scale represent the answers from the individuals, see Appendix nr.5. 
The information gained from the question sheets highlighted areas in need of improvement 
within the IF/FF assembly department. These areas included the difficulty of certain tasks, first 
and foremost the insertion of O-rings along with the last stage of testing the product. In addition 
to this the testing stage of the coupling, checking if it connects properly to the male part, was 
identified as a difficult movement for the assembly team and required much strength to perform.   
 
The personnel within the assembly department also drew attention to the amount of wasted time 
whilst retrieving parts prior to the assembly of the coupling. These results indicated increased 
cost due to the loss of time whilst retrieving parts for the coupling. DFMA along with 
Concurrent Engineering strive to increase the speed of product development by organizing the 
manufacturing and assembly process to perform as efficiently as possible, (Ulrich & Eppinger, 
2012). According to Boothroys, et al.  (2011), the foundation of DFMA is built on identifying 
the waste in the production and within the product. This includes time, materials and resources 
such as manpower, see Section 2.6.1 Implementation of DFMA. This information triggered the 
need for further investigation with the help of Behavioral mapping. 
 

3.18 Steps	taken	within	the	IF/FF	assembly	department		
Behavioral mapping is a method used to gain a greater understanding of human activity and 
movement within a facility. This method is used to record and observe steps and time spent at 
locations within the facility, (Curedale, 2013).  
 
As mentioned earlier in Section 3.16 User scenario method, employees within the IF/FF 
assembly department were studied and followed whilst preparing and conducting the assembly 
of the coupling.	All steps taken by the assembly team were documented including retrieving 
the orders from the order desk, picking parts from the various storage departments and walking 
back to the assembling cell. Architectural drawings were made to plot varies routs taken by the 
assembly team, see Appendix nr.4 The drawing was used as visual aid to display the movement 
and steps taken within the assembly process, see Figure 16.  
 

 
Figure 16 Paths taken to retrieve parts and equipment whilst preparing for the assembly of the coupling, see 

Appendix nr.4 for a larger image 



 28 

3.19 Analyzing	 and	 documenting	 the	 steps	 taken	 within	 the	 IF/FF	 assembly	
department		

The steps taken within the IF/FF assembly department whilst retrieving parts for the coupling 
have been documented in order of performance and assigned to separate shapes as seen below, 
see Figure 17.  
 

 
Figure 17 Stations within the assembly department 

The part retrieval was recorded and timed in several occasions. The first recording included the 
personnel from the engineering department. Due to the lack of experience within the assembly 
department, the timing and steps fluctuated significantly.  
 
The second recording included 2 members from the IF/FF assembly department. Despite the 
individuals experience and knowledge within the assembly storage unit, it was still difficult for 
them to identify the parts needed for the coupling.  
 
A male employee, whose main occupation includes delegating the work orders within the IF/FF 
cell was timed. The results obtained where estimated to be the most accurate due to his 
experience and knowledge of the area.  Therefore, the data obtained was used to calculate the 
table below. See Table nr.2. 
 
This was done in order to gain a greater understanding of the amount of time needed to complete 
the preparation stage of the assembly as well as investigate the negative response regarding 
wasted time received from the questionnaire, see Section 3.17 Scale questions for the personnel 
within the IF/FF Assembly department. The table below, Table nr.2, includes the time and steps 
taken to retrieve all the components for 20 couplings. 
 

Table 2  Documented time and steps from station to station within the assembly department for 20 female 
couplings 

Departing	 Destination Time	(s) Steps 
0,762	 m	 per	 step,	
(www.verywell.com) 

1	IF/FF	cell	 2	Retrieving	vest	 36 55 
2	Retrieving	vest	 3	LD	in	storage	 19 35 
3	Picking	parts	in	LD	from	order	 412 
4	LD	in	storage 5	OT62 36 56 
5	Picking	parts	in	OT62	from	order 15 
6	OT62 7	KA6 24 38 
7	Picking	parts	in	KA6	from	order	 11 
8	KA6 9	Returning	vest 43 60 
9	Vest	 10	O-rings 3 5 
10	Picking	O-rings	from	order	 33 
11	O-rings	 12	Labels	(for	order) 4 9 
12	Printing	labels	for	order	 34 
13	Labels	 14	IF/FF	cell	 21 30 
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Total 691 288 

In order to calculate the amount of time needed to retrieve parts for 1 coupling, the picking 
results were divided by 20. The same process was applied whist estimating the amount of time 
needed to retrieve parts for 10 and 100 coupling. Ten couplings are the minimum amount of 
coupling that can be order, and 100 is the batch amount (order) available by Parker.    

 Results	of	the	documented	the	steps	
The results retrieved from Section 3.19 Analyzing and documenting, the steps taken within the 
IF/FF assembly department are as followed: 
20 couplings 

𝑇𝑜𝑡	𝑡𝑖𝑚𝑒 = 691	𝑠	𝑜𝑟	11	min 31	𝑠 
 
1 coupling  

𝑇𝑜𝑡	𝑡𝑖𝑚𝑒 = 214	𝑠	𝑜𝑟	3min 34	𝑠 
 
10 couplings 

𝑇𝑜𝑡	𝑡𝑖𝑚𝑒 = 438	𝑠	𝑜𝑟	7min 18	𝑠 
 
100 coupling  

𝑇𝑜𝑡	𝑡𝑖𝑚𝑒 = 2711	𝑠	𝑜𝑟	45min 11	𝑠 

 Conclusion	of	the	documented	steps	
The results above, 3.19.1 Results of the documented steps, highlight the large amount of time 
needed to retrieve the parts whilst preparing for the assembly of the coupling. The results 
obtained highlight the extensive amount of time needed to retrieve parts for the coupling which 
in return, reflect a high cost for Parker. The wasted time is the result of inefficient task 
delegation within the assembly department.  
 
In addition to an ineffective system for staff to retrieve parts for each order, the storage of parts 
made it easy for parts to stick and become tangled together. This resulted with ample amounts 
of time to separate and select the wanted number of parts. According to Boothroyd, et al. (2011), 
one of DFA principle included reducing handling difficulties as well as tangling and nesting, 
see Figure 18 below. This includes the assembly of the product as well as the difficulty whilst 
retrieving parts for the product. With the help of implementing DFMA into the modified 
Internal PDP, these aspects can be reduced, and in some cases eliminated. 
 

 
Figure 18 Handling difficulties (Boothroyd, et al. 2011) 

3.20 Stations	and	worksheets	within	the	IF/FF	assembly	department		
The IF/FF assembly department for the coupling consists of 3 tables, stations. Each station is 
equipped with the necessary tools and appliances needed to assemble the various stages within 
the coupling. Figure 19, is a model used to represent the authentic stations within the assembly 
cell.  
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Figure 19 IF/FF assembly department for the 

coupling. 

 
Figure 20Real-life photo of the IF/FF assembly department for the 

coupling 

A work sheet is provided at each table within the IF/FF assembly department. The worksheets 
consist of assembly directions made available to aid the assembly team. These worksheets are 
reminders of each step within the station. The worksheets also include the amount of time 
estimated to complete each station, see Appendix nr.6 for station No1 and Appendix nr.7 for 
station No2.  
 
Whilst analyzing and translating the stages within the work sheet, it became noticeable that 
certain steps were no longer accurate or performed. The inaccurate stages within the worksheets 
have been marked in red.  
 
Additional inaccuracy detected whilst analyzing the works sheets also included the absence of 
a worksheet on the third station. This indicated the lack of consideration of the time taken to 
perform the third station within the calculated estimated time for the full assembly coupling. 
The third worksheet was generated by evaluating videos made whilst testing the current 
assembly of the coupling, see Appendix nr.8 for station No3. The steps where documented in 
the order of performance and time taken to perform each stage.   

 Results			
By applying the information supplied by the worksheets, see Appendix nr.6, to the calculation 
made in Section 3.19.1 Results of the documenting the steps, the full time of assembly process 
for coupling can be calculated.  
 
Results from the worksheets, Total time for assembling all three stations  
𝑇𝑜𝑡	𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦	𝑡𝑖𝑚𝑒, 𝑜𝑛𝑒	𝑓𝑒𝑚𝑎𝑙𝑒	𝑝𝑎𝑟𝑡 = 262.8	𝑠	 = 4min 22	𝑠	  
 
Total assembly time for the original order of 20 couplings  
262.8	𝑠 ∙ 20	 + 	691.2	𝑠	 = 5947.2	𝑠 = 	 99	min 7	𝑠 = 1	ℎ𝑟	39min 7	𝑠  
 
Total assembly time for 1 coupling  
𝐴𝑠𝑠𝑒𝑚𝑏𝑙𝑦	𝑡𝑖𝑚𝑒	𝑓𝑜𝑟	𝑜𝑛𝑒	𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔	 ∙ 𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔𝑠 + 𝑇𝑖𝑚𝑒	𝑡𝑜	𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒	𝑝𝑎𝑟𝑡𝑠 
262.8	𝑠	 + 	214.2	𝑠 = 504	𝑠	 = 	 (8min 24	𝑠) 
 
Total assembly time for 10 couplings 
262.8	𝑠 ∙ 10 + 438	𝑠	 = 3066	𝑠 = (51 min 6 s) 
 
Total assembly time for 100 couplings  
262.8	𝑠 ∙ 100	 + 2710.8	𝑠	 = 28990.8	𝑠	 = 	 483min 10	𝑠 = (8	ℎ𝑟	3	𝑚𝑖𝑛) 

 Conclusion		
The equations above, see Section 3.20.1 Results, draw attention to the unfavorable amount of 
time needed to assemble smaller batches of couplings compared to larger orders. The smaller 
the batch or number of couplings ordered, the larger percentage of time needed to retrieve the 
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parts for the couplings. This has a large impact not only on the work efficiency at Parker whilst 
assembling standard coupling, but also result in a presumably large financial impact. 
 
In the beginning of the current Internal PDP the company receives an order, see Section 3.1 
Introducing the Internal PDP. The minimal order of couplings is 10 couplings. In order to 
ensure the purchase is going to be profitable for Parker, the minimal order of couplings can be 
discussed and standardized due to the amount of resources and time needed to assemble small 
orders. 

3.21 DFM,	supplying	company	for	Parker		
Currently Parker does not manufacture any parts for their products, resulting in the need for 
supplying companies to manufacture all parts.  
 
A visit was conducted at a local supplier which manufactures two parts for the coupling, the 
Back body and the Locking sleeve. The supplying company could not be named in this thesis 
due to the terms and conditions of private information according Parker. Preparation for this 
visit included printing out previously written documents consisting important DFM aspects and 
questions relevant for the project. The documents included questions concerning the alternative 
machinery used to produce the parts for Parker along with the materials used. These questions 
led to follow up questions concerning waste and waste management of materials and resources, 
along with the amount of communication conducted, first order and post launch communication 
between the supplying company and Parker. The questions were generated with the help of the 
information gained within the literature study, see Section 2.5 Design for manufacturing.  
 
In order to establish the manufacturability of a product, many areas must be evaluated and 
analyzed according to Fabricius, (2003). These areas are identified as the eight universal 
considerations. The eight universal considerations include: Direct costs, overheads (indirect) 
costs, quality: flexibility, risk, lead-time, efficiency and environmental effects, see Section 
2.5.2 Manufacturability measured in eight dimensions. 
 
The visit consisted of a tour at the company with the technical production manager. Several 
areas within the company were explored including storage units, automated and manually 
conducted machinery, and waste material areas. The provided information was documented as 
seen below.  
 
Machinery:	There are currently six automated machines that can produce products up to 65mm 
in diameter dedicated to producing parts for Parker. These machines cost approximately 2 
000 000 kr each. A new machine that can produce larger products (85 mm in diameter) has 
recently been purchased to produce parts for Parker. This machine costs 7 000 000 kr. The new 
machine is estimated to take 5-7 years to pay off.	
 
A Lathe cleaning machine (Alka-jet cleaner) is used to clean the products after manufacturing. 
The pieces are washed to take away the cutting oil and then rinsed. The parts are later put into 
metal boxes for easier handling, see Figure 21. 
 

 
Figure 21 Finished parts manufactured at the supplying company 
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Other equipment used whilst manufacturing these parts: Measuring tools are used to 
measure tolerances of the parts. Other cleaning equipment such as brushes and air blowing 
machines are used to clean the parts. 
 
Time taken to manufacture the part: It takes approximately 40 seconds to 3 minutes to 
manufacture one part for Parker. This depends on the size and complexity of the part.  
 
Materials used  

• Stainless steel  
• Common steel  
• Common iron  
• Brass 

 
Material cost: The supplying company uses common steel poles of material. The materials 
are purchased for 9 kr to 15 kr per kg and 35 kr per kg for stainless steel, see Figure 22.  
 

 
Figure 22 Stored materials prior to manufacturing 

Storage time (prior to delivering the parts to Parker): Parts can be in storage from 1 week 
up to 3 months. The supplier never sells all the parts on a pallet, there are always 5 to 10 
remaining, see Figure 23.  
 

 
Figure 23 Finished products stored in boxes within the company 

 Conclusion	of	the	visit	
Problem areas and possible improvement areas within the manufacturing company were 
documented during the visit. The documented information is as followed:  
 

• A large amount of space within the manufacturing department is wasted whilst storing 
finished products as well as ordered materials.  

 
• Problematic areas include the lack of communication with client concerning orders and 

delivery. The supplying company needs to purchase the materials needed for the 
ordered parts 20 days in advance. This makes it difficult when clients, such as Parker, 
alter their work orders with short notice.   

 
• Parker doesn’t receive any feedback from the amount of material wasted in every part.  
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• If this data was taken into consideration, Parkers design could be improved, and the 
amount of wasted material could be significantly reduced. 

 
• The tolerance in the product drawings provided by Parker is not functional for the 

manufacturer. The supplying company wastes a lot of time recalculating these 
drawings so the end-product fits in the coupling. The drawings sometimes skip 
important data such as angles, or the material in which the coupling is constructed of 
for specific orders.  

 
• The groove (extrusion) For the O-ring and Back up O-ring in the locking sleeve can be 

standardized for using only one special tool to produce. This will result in reducing 
costs for manufacturing. 

 
• There are a few problems with the current drill. The staff must manually check every 

hole from the ball cage. The fact that this piece contains two different sizes of holes 
complicates the production. Although this part for the coupling is not manufactured at 
the same supplier, this problem exists within the manufacturing of other products for 
Parker. Without conducting a visit to the manufacturing company that provides this 
part for the coupling, this could possibly be a reoccurring problem. 

3.22 Summary	of	the	empirical	Study			
The main objective with the empirical study was to define the opportunity areas within the 
current Internal PDP by implementing chosen DFMA principles. Newly gained knowledge and 
empirical evidence was obtained whilst collecting data and information concerning the Internal 
PDP and Winovation PDP.  
 
The coupling was later classified according to DFMA aspects supplied by the previous chapter, 
see Chapter 2 Literature study. To present a component analysis of DFMA techniques, an 
inquiry of all parts within the coupling was made. Other analytical work consisted of, 
opportunity identification, user scenario method, behavioral mapping, scale questions, an 
analysis of the stations and worksheets within the assembly department along with a visit to a 
supplying company regarding DFM aspects.  
 
According to Cross (2008) perspective models accentuate the need for further analytical work 
prior to the generation of solutions. This is to ensure the problem, within the product or PDP, 
is fully understood, see Section 2.3 Product development as a process. As mentioned above in 
Section 3.1 Internal PDP and 3.2 Winovation PDP, the company bases their work on experience 
and have no documentation concerning the exploration phase of their current product 
development. In addition to this, no documentation is made in the generation phase of the 
project to support the decisions made in either of the phases.  
 
Currently very little DFMA is implemented into the Internal PDP according the engineering 
staff at Parker. There is no window within the Internal PDP dedicated to DFMA along with no 
documentation concerning the implementation of this methodology. Presently 50% of the 
Internal PDP is not completed, 41% is completed and 9% is not, but should be completed 
according to the engineering staff at Parker.  
 
The Winovation PDP is a standardized as a worldwide company process for all Parker 
locations. Due to this, no major changes could be done to this PDP. The focus of alterations 
and suggestions are therefore aimed towards the Internal PDP.  
 
The personnel within the assembly department drew attention to the amount of wasted time 
whilst retrieving parts prior to the assembly of the coupling. This information triggered the need 
for further investigation with the help of behavioral mapping. After the behavioral mapping 
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was implemented, equations representing the amount of time needed to retrieve parts prior to 
the assembly were developed. The equations are shown in Section 3.8.4.1 Results of the 
documented the steps, highlight the large amount of time needed to retrieve the parts whilst 
preparing for the assembly of the coupling. The results obtained highlight the extensive amount 
of time needed to retrieve parts for the coupling which in return reflects a high cost for Parker. 
 
Problematic areas within a supplying company were identified, these include; waste 
management, the lack of communication with their suppliers and customers as well as storage 
of materials and finished products.  
 
The empirical study has provided the project with a greater insight of the work ethic within 
Parker, first and for most the assembly department. The exploration phase of the project has 
also contributed with a detailed insight to the minimal amount of DFMA that is currently 
implemented into the product development at Parker. This information will be used to support 
and guide the generation stage of the project by clearly identifying current flaws and areas of 
improvement within the Internal PDP.  
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4 Generation	
The generation chapter within this report consists of generation methodology, multiple 
brainstorming session conducted at Parker, as well as the suggested modified Internal PDP. The 
brainstorming sessions have been the main source of company input were discussions and ideas 
were generated related to the indicial goal of implementing DFMA and modifying the Internal 
PDP.  
 
Checklists have been developed and implemented into the Internal PDP. These checklists are 
based on the information gathered within the Literature review, see Chapter 2 Literature study, 
and are the main source implementation of DFMA into the Internal PDP.   
 
The information and data gathered within the empirical study will be enforced and used as 
guidelines for the development of the modified Internal PDP. Due to the lack of in-house 
manufacturing by Parker, the main focus will lie within DFA, see Section 3.8 DFA process.  
 
The generation chapter seeks to obtain the main objective of the thesis, modify the Internal PDP 
with the help of DFMA, see Section 1.2 Aim and objectives. In order to ensure that the modified 
Internal PDP provides a satisfactory outcome, the company has been very much involved in the 
idea generation.   

4.1 Mind	mapping		
Mind mapping is a tool used to identify connections between various pieces of information or 
ideas to the main objective, see Figure 24. The center of the mind map is the star, and the main-
focus of the extended thoughts and ideas. Key phrases or words are attached to the main-focus 
and elaborated on thereafter with addition aspects within the area. The ideas are connected by 
lines to identify relationships between them (Curedale, 2013).  
 
Mind mapping is most commonly used in the beginning of a project to aid and assist the 
exploration stage of a design. This method helps to draw attention and identify areas within the 
main-focus that need to be explored and evaluated (Curedale, 2013).  

 
Figure 24 Mind map, (Curedale, 2013) 
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The main-focus of the mind map was to generate extended thoughts and ideas concerning the 
Internal PDP based on the literature study and data gathered within the empirical study, see 3 
Empirical study and data collection. The first connections, branches from the Internal PDP, 
were inspired by the simple four stage model, (Cross, 2008), as well as the thesis main objective 
to implement DFMA into the current Internal PDP. The main connections were later elaborated 
on with additional connection within their specific areas.  

 Conclusion	
The mind map revealed a visual web of important and vital areas that need to be evaluated and 
explored. Each branch represents a part or aspect of the whole process, which needs to be 
modified, simplified and made more efficient according to the company needs.  

4.2 Brainstorming	
Brainstorming related context is useful for observing the thinking of different participants 
within a specific design problem. The method identifies similar ideas that can simplify a 
creative process and solutions. This method can be used with a group of people between 4 to 
12 to generate a large amount of ideas and concepts, (Curedale, 2013).   

4.3 Brainstorming	session	nr.1		
The first brainstorming session was conducted in a large meeting room at Parker. 10 of Parker 
department managers were gathered for a group brainstorming session. Among these 
employees included engineers (design and mechanical), marketing personnel, the head of 
assembly, service team members, marketing staff, production as well as maintenance staff. The 
brainstorming sessions was limited to one hour and conducted with the help of a projector to 
keep everyone involved and informed of what was happening.   
 
The first stage of the brainstorming session included revealing the simple four stage model by 
Cross (2008). The employees were inquired to describe with one word what they believe each 
stage included whilst referring to the Internal PDP. These words were documented on the 
computer connected to the projector so that everyone included could see the ideas and thoughts 
shared by their peers.   

 Results	from	first	brain	storming	session		
The results from the first brainstorming session can be seen in the table below, see Table nr.3. 
The results have been separated into the four sections within the simple four-stage model as 
conducted throughout the brainstorming session.   
 

Table 3 Results obtained from the first brainstorming session 

Exploration		 Generation	 Evaluation	 Communication	
Performance	
Media	
Temperature	
Conditions	
Simplicity		
Size	
Pressure		
Saving	
Cost	
Price	
Earnings		
Material		
Space	
Maintenance		
Customer		
	

Team		
Calculations	(investments,	
and	mechanics)		
Brainstorming		
CAD		
What	works	(functions	
within	the	assembly)	tools	
needed,	knowledge,	
training,	safety,	pre-
evaluation		
Maintenance	of	the	tools	
needed		
Knowledge	(previous	
couplings)		
Comparing	couplings		
	

Communication		
Prototype		
Initial	sample	report		
Testing		
Validations	(before	
shipping)		
Pre-order		
First	order	production		
Safety		
Special	protective	gear		
Chemicals		
Maintenance		
Assembly	Equipment		
Man	power	
	

How	to	make	the	product		
Maintenance	and	
production	(make	sure	they	
have	everything	they	need)		
First	order		
Cross	function	Teams	(in	all	
sections)		
Sales	company		
Customer	service		
Follow	up	meeting	(within	
company	Parker,	and	
customers)		
Shipments	(special	delivery,	
boxes)		
Customer	requirements			
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 Conclusion		
According to the brainstorming group, the words generated from the first brainstorming 
session, see Table nr.3, represent important variables that need to be taken into consideration 
whilst developing a product. The results of the brainstorming sessions included many key 
words that represent stages within the current Internal PDP that are not performed.  
 
Despite the alternative backgrounds and areas of expertise, all members agreed with the need 
for a modified Internal PDP. The first exercises allowed the brainstorming group to voices their 
creative and innovative ideas. This session prepared the participants for the second 
brainstorming session.   

4.4 Brainstorming	session	nr.2		
After the first brainstorm was performed a second brainstorming session was conducted 
regarding the Internal PDP. Prior to the brainstorming sessions an extensive analysis of the 
Internal PDP was performed. Quantitative data concerning the percentage of the Internal PDP 
that was currently performed was gathered. Currently only 46.15% of the input within the 
Internal PDP is performed, 44.44% of the process and 35.71% of the output, see Section 3.1 
Internal PDP. These findings support and advocate the need for an improved Internal PDP at 
Parker. 
 
The main objective with the second brainstorming session was to allow the staff members to 
generate connections and activities within each stage of the current Internal PDP. This allowed 
the employees to voice what activities and methods are performed within each stage of the 
Internal PDP compared to what “should” be done as documented in the empirical study, see 
Section 3.1 Internal PDP.  
 
The information gathered in Section 3.1 Internal PDP was provided by the engineering staff 
only. This made it important for the project to obtain alternative employees inputs and ideas 
whilst brainstorming possible improvements for the Internal PDP. This was done to insure the 
accuracy and relevance of future modifications and improvements within the Internal PDP.  

 Results	from	the	second	brain	storming	session		
The results from the second brainstorming session revealed the need of previously yellow 
marked stages within the Internal PDP, see Section 3.1 Internal PDP. The yellow marked areas 
included stages that are not performed within the current Internal PDP. The results obtained 
from the second brainstorming session revealed the need and importance of these skipped 
stages whilst developing a product, see Appendix nr.9.   
 
The most elaborated and discussed stages generated by the second brain storming session 
included the 7. Design review, 9. Design phase and the 14. Prototype testing. The discussions 
included the need for the inputs and outputs within these stages, along with the importance of 
the information for future need product development at Parker.  
 
The second brain storming session also highlighted the need for a new and updated version of 
the Internal PDP. This include the steps that are performed as well as the steps that should be 
performed whilst developing a product at Parker. 

 Conclusion	of	the	brain	storming	sessions		
The initial approach in the beginning of the second brainstorming session was to ask broad and 
non-specific questions of each section within the current Internal PDP. This was done to help 
the participants get more involved. Further along in the brainstorming session explicit questions 
concerning each stage were asked.  
 
Many areas within the current Internal PDP received solution based responses from the 
participants within the second brainstorming session. Other inputs form the members generated 
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a ripple effect of ideas and thoughts among their peers. The outcome of the brainstorming 
sessions accumulated far more creative ideas due to the diversity of the participants compared 
to the evaluation with the engineering department.  
 
Many ideas and relationships between activities and the stages were made by the participants 
of both brain storming sessions. One of the most interesting pieces of information gathered 
included the difference between what should be done within each stage of the Internal PDP, 
compared to what was performed and the lack of structure. This information not only identified 
faults within the current PDP, but also opened a window of opportunity to improve the process 
for each department within Parker. 

4.5 Function	analysis	method		
According to Cross (2008), the function analysis method starts with identifying and 
concentrating on what must be achieved with the new design, in this case the modified Internal 
PDP. The black box is a method used to convert certain inputs into desirable outputs, see Figure 
25.  
 
Cross (2008) states that there is no systematic way of breaking down the overall function into 
sub functions, therefore the main functions represent milestones of completion within the 
Internal PDP and are followed there after by segments and task within each mile stone. 
 

 
Figure 25 Black box model (Cross, 2008) 

Within the black box, steps can be broken down into sub tasks or sub functions. For the 
modified Internal PDP five steps have been identified as main functions from the existing 
Internal PDP. Branches are connected to the main functions including sub functions within each 
area from the original Internal PDP. 
 
The function analysis performed was a combination of the black box method complemented 
with the information and inputs gained from the brain storming sessions, see Section 4.4 Brain 
storming nr.2. The color coding still applies. Green represents currently completed stages 
within the Internal PDP and red represents non-completed stages, see Figure 26. The blue text 
under each stage represents the out-put, out comes, from each section.  
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Figure 26 Function analysis of the Internal PDP, see Appendix nr.10 for a larger image 

 Conclusion			
The function analysis provided a visual tree of the various activities performed/ not performed 
within the Internal PDP. The image above, see Figure 26 enable the project to identify 
connections between stages and sections within the PDP.  

4.6 Generating	the	foundation	of	the	Internal	PDP		
Steps for the modified Internal PDP were generated with the help of the information provided 
by the empirical study, Section 3.1 Internal PDP, along with the information gathered from the 
two brainstorming sessions Section 4.3 Brainstorming session nr.1 and 4.4 Brainstorming 
session nr.2. The stages seen below represent the performed stages within the current PDP 
along with stages that should be performed according the empirical study, see Figure 27. 

 
Figure 27 The building blocks of the modified Internal PDP 

 Conclusion	
A completely new concept was implemented into to foundation of the modified Internal PDP. 
This includes the separation between the New concepts and Need-products. This separation 
was implemented to provide a time saving alternative whilst producing slightly adjusted or 
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updated products. Need-product have been identified in the literature study as slightly modified 
or altered versions of an existing product, see Section 2.2 Lean Product Development.   

4.7 Internal	PDP	generation		
The generation of the modified Internal PDP is based on the information gathered in the 
literature study, the empirical study as well as the brainstorming sessions within the generation 
chapter. The modified Internal PDP was generated with the help of evaluating the existing 
Internal PDP and the steps performed vs the steps that are not performed, see Section 3.2 
Analysis of the current Internal PDP. 
 
One process was generated and all stages were carefully applied to the model, see Figure 28. 
To ensure the necessity of each step implemented into the model, constant reflection on the 
brainstorming sessions previously presented above was done.  
 
Due to the availability of the current Internal PDP, the modified version of the PDP was not 
built from scratch. The data gathered within the empirical study enable the project to easily 
incorporate needed changes into one pre-established model.  

 
Figure 28 Modified Internal PDP 

Section 2.2 Lean Product Development in the literature study inspired the separation between 
the new concept and need product alternatives, see Section 4.6 Generating the foundation of 
the modified Internal PDP. A need-product is a modified version of an existing product. Need-



 41 

products are the most common products developed by Parker today. Due to this, very little of 
the Internal PDP is performed and no documentation is made. The separation between these 
two alternatives allows Parker to perform no more than the vital steps whilst generating a need-
product. The separation also allows Parker to follow a more elaborate process for a completely 
new concept.       
 
The information retrieved from the empirical study concerning the amount of stages performed 
within the Internal PDP were implemented into the modified version. The steps removed from 
the modified Internal PDP include two of the decision windows, Design review for the principle 
design and Drawings for the prototypes. 

4.8 Inputs	and	outputs	within	the	Internal	PDP		
The inputs and outputs within the modified Internal PDP have been generated with the help of 
the brainstorming session, see Section 4.4 Brain storming session nr.2. These inputs and outputs 
are the requested “values” concerning the head of departments at Parker. On the left-hand side 
of the squares are the inputs of each stage, and the right-hand side represents the desired outputs, 
see Figure 29.  
 

 
Figure 29 Inputs and out puts within the modified Internal PDP 

4.9 Checklist	generation		
After the foundation of the modified Internal PDP was generated, the checklist generation 
began. The generated checklists were the main source of implementing DFMA into the Internal 



 42 

PDP. The foundation of the multiple checklists was built upon the literature review, see Chapter 
2 Literature review. The checklist questions are applied to each individual part within the 
product. The checklists were customized and generated for Parker based on the principles of 
the DFX methodologies mentioned in the literature study. Many points within the DFA 
checklist have been heavily influenced by existing DFMA checklist by Boothroyd, et al. 2011). 
This checklist was dissected and evaluated according to relevance and importance to Parker. 
The checklist points were evaluated with the help of fluent communication with the company 
supervisor.   
 
Currently very little DFMA is implemented into the Internal PDP according the engineering 
staff at Parker. According to the information obtained in the brainstorming sessions there is no 
window within the Internal PDP dedicated to DFMA along with no documentation concerning 
the implementation of this methodology.  
 
After modifying the generated checklist to suit Parkers desires and needs, they were tested. This 
was done with the help of the designated coupling. The results obtained from each checklist, 
first and for most the DFA checklist and the Design efficiency checklist, are the results obtained 
from evaluating the coupling.  

4.10 DFA	Checklist		
The DFA checklist, see Table nr.4 was implemented into the early stages of the suggested 
Internal PDP due to the information gathered in Section 2.4 Design for assembly. The DFA 
checklist is a pre-established checklist by Boothroyd, et al. (2011). DFA enables engineers and 
designers to concentrate on generating concepts with the assembly process in focus, (Favi et al. 
2016). According to Fabricius (2003), DFA is used to aid the assembly process as much as 
possible by removing unnecessary and difficult components within a concept. 
 
The DFA checklist was tested with the help of the designated coupling. The results seen in 
Section 3.8 DFA Process reflect a window of opportunity to improve the coupling. This section 
includes a description of all columns within the table.  
 

Table 4 DFA checklist, see Appendix nr.3 for a larger image 
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 DFA	checklist	description		
The bold text is the heading within the checklist, and lighter text is the explanation for each 
question, (Boothroyd, Dewhurst & Knight, 2011). 
 
Number of Parts: Identify how many units of this part are within the coupling. 
Number of interfaces: Determine the surface regarded as the common boundary of two or 
more parts. (How many other surfaces are touched by one part). 
Theoretical Minimum Part: The theoretical minimum number of parts includes identifying 
essential parts, the parts needed for the product to function 𝑷𝟏 = 𝑬𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍	𝒑𝒂𝒓𝒕𝒔 , and 
secondary parts, non-necessary for the function of the product 𝑷𝟐 = 𝑵𝒐𝒏 −
𝒆𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍	𝒑𝒂𝒓𝒕𝒔, see 2.4.2 DFA as an evaluation method, Figure 5. 
 
The equation below identifies the percentage of P@ parts with in the standard coupling. This 
equation aids the elimination process of non-essential parts by viewing the percentage of base 
parts within the product. 
 

𝐸𝑡𝑎	 % = 	
(𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓	𝑃@	𝑝𝑎𝑟𝑡𝑠)

(𝑡𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑝𝑎𝑟𝑡𝑠)
∙ 100 

 
Can the part be standardized: The part can be standardized per size (measurements), weight, 
quality, strength (within the coupling, the department, the company, etc.)  
Cost (low/medium/high): To determine the relative cost, the weight dimensions, number of 
interfaces and extrusions must be taking into consideration in relation to other parts within the 
coupling. 
Practical minimum parts: The practical minimum parts are also subjective and require a team 
assessment of practical changes and consideration of the tradeoffs between part cost and 
assembly cost.  Part Cost: “What can be done with the design realistically and practically?”  
Assemble wrong part/Omit part: Are there any tools that aid the employees in the assembly 
department avoid mistakes? The purpose is to eliminate product defects by preventing, 
correcting, or drawing attention to human defects as they occur. 
Assemble part wrong way around: Consider the orientation of the part, if needed make a 
mark for the correct way be identified and inserted. 
Tangle/ Nest/ Stick together: Close-up springs to avoid tangling. Design parts so they don’t 
nest, see Figure 30 below.  
 

 
Figure 30 Tangle/ Nest/ Stick together, (Boothroyd, Dewhurst & Knight, 2011)	

Flexible/Fragile/Sharp/Slippery: The handling is a function of, part size, thickness, weight, 
fragility, flexibility slipperiness, and stickiness. This section asks how many hands an operation 
requires, if optical magnification is needed or if mechanical assistance is required? See Figure 
31.  
 



 44 

 
Figure 31 Flexible/Fragile/Sharp/Slippery, (Boothroyd, Dewhurst & Knight, 2011) 

Difficult Align/Locate: The assembly of a part should be stable, fall into place, easy to align 
within the other parts, see Figure 32.  

 
Figure 32 Difficult Align/Locate, (Boothroyd, Dewhurst & Knight, 2011) 

Holding down required and Resistance to insertion: Ensure that the parts do not need to be 
held in position to secure them in place, see Figure 33.   

 
Figure 33 Holding down required and Resistance to insertion, (Boothroyd, Dewhurst & Knight, 2011) 

Obstructed access/ Visibility: Other insertion challenges include; provide adequate access and 
visibility, avoid small clearances, large insertion forces, mating locations that cannot easily be 
seen, see Figure 34.  

 
Figure 34 Obstructed access/ Visibility, (Boothroyd, Dewhurst & Knight, 2011) 

Re-orientated Work Piece: Avoid or minimize reorienting the parts during assembly. Try to 
make all motions simple by, for example, eliminating multi-motion insertions.  
Avoid secondary operations such as: Screw/Drill/Twist/Rivet/Bend/Crimp, 
Weld/Solder/Glue, Paint/Lube/Heat/Apply liquid or gas as well as Test/ Measure/Adjust. 	
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4.11 Design	Efficiency	Checklist		
The design efficiency is used to provide the designer with bases for redesign, see Table nr.5. 
The Design efficiency is referenced in percentage, see Section 3.12 Function analysis, and is 
implemented into the same stage of the Internal PDP as the DFA Checklist, (Boothroyd, et al. 
2011).  

Table 5 Design efficiency Checklist 

Design	efficiency	Checklist		

b:	#	Of	times	the	operation	is	carried	out	consecutively		

c:	Manual	handling	and	insertion	time	per	part	(seconds)	Total	time	for	1	coupling,	female	part	(seconds)	

Operation	time	b	(c)	=	TM	Total	time	for	1	coupling,	female	part	(seconds)	

Estimation	for	theoretical	minimum	parts	=	NM	

Design	efficiency	=	𝟑∙𝐍𝐌
𝐓𝐌

	

	
The percentage obtained determines what is currently accomplished within the coupling design. 
It is favorable to aspire for > 60% as a design efficiency index. Nevertheless, the end number 
is not as important as the debate along the way to determine the importance of each part, and 
ultimately reduce the number of parts within a product. In order for the company to evaluate 
the design efficiency, they need a design to analyze, either an existing product or at a concept 
stage, (Boothroyd, et al.  2011).   

 Design	Efficiency	checklist	description		
b: # Of times the operation is carried out consecutively: The number of times the same 
operation is carried out with the part.  
c: Manual handling and insertion time per part: The amount of time needed to handle the 
part, how many hands and what tools are needed to work with the part. The time can be 
determined by the flexibility or surface of the part (if the part is slippery).  
Operation time b (c) = TM: The operation time include:  
 

#	𝑂𝑓	𝑡𝑖𝑚𝑒𝑠	𝑡ℎ𝑒	𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑠	𝑐𝑎𝑟𝑟𝑖𝑒𝑑	𝑜𝑢𝑡	𝑐𝑜𝑛𝑠𝑒𝑐𝑢𝑡𝑖𝑣𝑒𝑙𝑦 𝑀𝑎𝑛𝑢𝑎𝑙	ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔	𝑡𝑖𝑚𝑒	𝑝𝑒𝑟	𝑝𝑎𝑟𝑡	
+ 𝑀𝑎𝑛𝑢𝑎𝑙	𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛	𝑡𝑖𝑚𝑒	𝑝𝑒𝑟	𝑝𝑎𝑟𝑡  

 
Estimation for theoretical minimum parts = NM: The estimated minimum number of parts 
within the product without decreasing or diminishing the function of the product.  

4.12 DFM	Checklist		
The main objective with the DFM checklist is to highlight areas of improvement within the 
manufacturing department. DFM and its connection to DFMA can be seen in Section 2.5 
Design for Manufacturing. The checklist can be answered with Y (yes) and N (no) answers. 
According to the wording of this newly developed checklist, the goal is to obtain as many Y’s 
as possible. Where the answer is a N, changes needed to made and evaluated accordingly, 
(Fabricius, 2003). 

Table 5 DFM Checklist 

DFM	Checklist	

Avoid	unnecessary	part	features	and	complex	shapes	
Avoid	unnecessary	tolerances	and	finishes	
Use	lowest	cost	equipment	that	provides	needed	capability	
Minimize	number	of	different	components	
Multiple,	alternative	manufacturers	specified	for	all	components	
Use	of	standard	components	
Design	parts	to	be	multi-functional	
Design	parts	for	multi-use	
Design	for	ease	of	fabrication	
Avoid	separate	fasteners	
Minimize	assembly	directions	
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 DFM	checklist	description		
Avoid unnecessary part features and complex shapes: Avoid designing parts with complex 
shapes and angles.  
Avoid unnecessary tolerances and finishes: Avoid designing parts with tight tolerances and 
finishes, these increase the cost of manufacturing and production.  
Use lowest cost equipment that provides needed capability: Avoid unnecessary expenses by 
designing products that can utilizing and be manufactured by current in-house machinery.  
Minimize the number of different components: If possible, combine separate components 
(parts) into one part. 
Multiple, alternative manufacturers specified for all components: Use separate 
manufactures for specific parts within their field.  
Use of standard components: Use standard components and measurements if possible, such 
as standard screws.   
Design parts to be multi-functional: Design parts that provided more than one function within 
the product.   
Design parts for multi-use: Design parts that can be implemented and used within other 
products.  
Avoid separate fasteners: Avoid the use of separate connection points and fasteners. 
Minimize assembly directions: Minimize the number of tasks and steps within the assembly 
whilst assembling the product.  

4.13 DFE	Checklist		
The main objective with the DFE checklist is to highlight areas of improvement concerning 
environmental impacts, see Table nr.6. DFE principles can be seen in Section 2.7 Design for 
Environment. The scale is from 0 to 5, 0 = non, and 5 = very much. According to the wording 
of each statement, point within the checklist, the goal is to obtain as high a number as possible. 
(Ulrich & Eppinger, 2012). This is to say, the higher the value, the lesser room or need for 
improvement within the product. The maximum value to be obtained by this table is 50. 
 

Table 6 DFE Checklist 

DFE	Checklist		

Minimizing	material	input	
Minimizing	material	output	
Minimizing	land	use	(raw	materials	extraction)	
Avoiding	input	or	emission	of	hazardous	materials	
Avoiding	emission	(e.g.	by	transport)	
Minimizing	waste	production	
Preferring	regional	raw	materials	
Using	renewable	raw	materials	produced	by	sustainable	methods		
Using	socially	acceptable	substances	that	pose	no	health	hazards	
Using	recycled	materials		

 

 DFE	checklist	description		
Minimizing material input: Minimizing the amount of material used within the part. 
Minimizing material output: Minimizing the amount of wasted materials whilst producing 
the part. 
Minimizing land use (raw materials extraction): Minimizing the amount of raw materials 
used within the part. 
Avoiding input or emission of hazardous materials: Avoiding releasing emission of 
hazardous materials into the air or on land. 
Avoiding emission (e.g. by transport): Avoid releasing emissions into the air.  
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Minimizing waste production: Minimizing the amount of waste produced during the 
production of the part.  
Preferring regional raw materials: Use raw materials that are situated close to the production 
of the part.  
Using renewable raw materials produced by sustainable methods: Use raw materials that 
can be recycled and re-used.  
Using socially acceptable substances that pose no health hazards: Use materials that will 
not harm employees or the environment after being released.  
Using recycled materials: Use materials that can be re-used.  

4.14 Lean	Product	Development	Checklist		
The main objective with the Lean checklist to obtain a greater understanding of improvements 
that can be made within the assembly department at Parker, see Table nr.7. This checklist was 
generated first and for most for newly developed cells. New cells are most commonly 
assembled at Parker when a new order of a special product in large amounts is obtained. The 
construction of the generated checklist can be answered with Y (yes) and N (no). Where the 
answer is a N, changes needed to made and evaluated accordingly, (Holmdahl, 2010). 
 

Table 7 Lean Checklist 

LEAN	CHECKLIST	
Are	unnecessary	equipment,	tools,	furniture,	etc.	present	in	the	area?	
Are	aisle/walk	ways	and	workstations	clearly	marked	and	identified?	
Are	fixtures,	tools,	equipment	and	inventory	properly	identify	in	their	correct	locations?	
Are	items	put	away	after	use?	
Are	there	established	cleaning	methods	for	the	workplace?	
Are	trash	bins	and	scrap/recycle	containers	emptied	on	a	regular	basis?	

 

 Lean	checklist	description	
Is unnecessary equipment, tools, furniture, etc. present in the area?: Is unneeded 
equipment presentment within the cell, working area? 
Are aisle/walk ways and workstation clearly marked and identified?: Is it clear to see 
where the paths are marker as well as the cell/ stations names? This includes exit paths in the 
case of an emergency.  
Are fixtures, tools, equipment and inventory properly identify in their correct locations?: 
Are all the proper tools needed for the assembly available and easily identified for the assembly 
team?  
Are items put away after use?: Are the tools stored away correctly after use?  
Are there established cleaning methods for the workplace?: Is the necessary cleaning 
equipment available and used by the assembly team?  
Are trash bins and scrap/recycle containers emptied on a regular basis?: Is the area kept 
clean and trash taken out on a regular basis? 

4.15 Concurrent	Engineering	Checklist		
The main objective with the Concurrent Engineering checklist to obtain a greater understanding 
of improvements that can be made within the assembly department at Parker, see Table nr.8. 
The scale is from 0 to 5, 0 = non, and 5 = very much. According to the wording and generated 
descriptions, the goal is to obtain as high a number as possible, (Ulrich & Eppinger, 2012). 
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Table  8 Concurrent Engineering Checklist 

CONCURRENT	ENGINEERING	CHECKLIST	
Improvement	memos	
Improvement	ideas	
Key	procedures	
Improvement	plan	
Training	
Tools	and	parts	
Stock	control	
Procedures	
Activity	boards	

 

 Concurrent	Engineering	checklist	description	
Improvement memos: Are improvement memos regularly being generated? 
Improvement ideas: Are improvement ideas being acted on? 
Key Procedures: Are standard procedures clear, documented and actively used? 
Improvement plan: Are the future standards being considered with a clear improvement plan 
for the area? 
Training: Is everyone adequately trained in standard procedure? 
Tools and parts: Are tools being stored correctly? 
Stock control: Are stock controls being adhered to? 
Procedures: Are procedures up-to-date and regularly reviewed? 
Activity boards: Are activity boards up-to-date and regularly reviewed?	

4.16 Implementing	the	Checklists	into	the	Internal	PDP		
The checklists were later implemented into their appropriate positions according to the 
literature study. DFA and the Design efficiency checklists were designated to 2 Design phase. 
This is due to the importance of implementing DFA as early as possible into the PDP to enhance 
DFMA results. 
 
DFM and DFE checklists were implemented into 4 Design review. These checklists were 
implemented after the DFA and Design efficiency checklists due to the order in which these 
methods should be implemented. As stated in Section 2.4 Design for assembly, DFA should be 
implemented prior to DFM in order to decrease the chances of developing components and 
features that will later be removed.  
 
The Lean and Concurrent Engineering checklists are mainly applicable to the new concept 
generation due to the constant upkeep within the assembly department. The Lean and 
Concurrent Engineering checklist are to aid the process of developing new cells for future 
products. These checklists can also be used by existing cells, but are foremost generated for 
new and up-coming establishments.    
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Figure 35 Implementation of the checklists into the modified Internal PDP 
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4.17 Summary	of	the	generation	chapter		
The mind map revealed a visual web of important and vital areas that need to be evaluated and 
explored. The mind map also emphasized the amount of aspects needed within the Internal PDP 
at Parker. Keeping the companies wishes in mind of simplifying the Internal PDP, the mind 
map enabled a large distinction between primary and secondary needs within the Internal PDP 
according to the employees.  
 
The results from the second brainstorming session revealed the need of previously yellow 
marked stages within the Internal PDP, see Section 3.1 Internal PDP. The most elaborated and 
discussed stages generated by the second brain storming session included the 7. Design review, 
9. Design phase and the 14. Prototype testing. The discussions included the need for the inputs 
and outputs within these stages, along with the importance of the information for future need 
product development at Parker. 
 
The information gathered from the brainstorming sessions along with the literature review and 
the empirical study were implemented into the modified Internal PDP. This modified Internal 
PDP includes 6 checklists, DFA, Design efficiency, DFM, DFE, Lean and Concurrent 
Engineering checklists. These checklists have been developed based on the literature study and 
evaluated according to the brain storming session outcomes. This evaluation enabled the 
selection of crucial checkpoints for these checklists.  
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5 Evaluation	of	the	modified	Internal	PDP	
The evaluation chapter of this report consisted of cross-function team meetings where the 
modified Internal PDP feasibility was evaluated. The first focus group was conducted with the 
help of the engineering department at Parker. The second focus group consisted of personnel 
within the cross-function team. The cross-function team includes a group of employees, 
engineering staff, marketing staff, head of assembly departments along with others. During the 
meetings, the results were documented and as an outcome valuable data was obtained and 
implemented into the new Internal PDP.  
 
In order to investigate the benefits of implementing DFMA guidelines to the Internal PDP, a 
case study was conducted. The case study included inserting the provided coupling through the 
multiple checklists. This was first conducted with the help of two engineers at Parker. The 
coupling was later re-applied and evaluated with the cross-function team. The fundamental goal 
with this study was to evaluate and ensure the understanding of the separate checklists, and 
what they entail. 

5.1 Focus	group;	Engineer	department	
The first focus group meeting included a short presentation of the modified Internal PDP along 
with the intend checklists. The Internal PDP was generated with the help of the information 
gathered from the previously conducted brainstorming sessions, see Section 4.2 Brain storming. 
The 6 checklists were generated by evaluating the previously conducted literature study, see 
Chapter 2 Literature study. The checklists include the most valued information within the 
literature study according to the engineering staff at Parker.   
 
The main objective with this meeting was to address the changes whilst implementing the 
checklists into the modified Internal PDP. The first focus group was limited to the engineer 
department prior to sharing the information, modified Internal PDP and checklists, with the rest 
of the cross-functional team.  

 Results	from	the	focus	group	evaluation		
The suggested alterations and modifications within the Internal PDP, see Figure 35, included a 
distinct separation between the RFQ, request for quotation, and Order/ first delivery. The RFQ 
consists of the concept generation, order review, bill of material and external drawing from the 
customer. The Order/ first delivery consists of a design review, risk assessment, tolerance 
testing, validation testing and a prototype evaluation. The first 3 steps within the modified 
Internal PDP were suggested to be implemented into the RFQ series. The remaining stages 
resided with the First order, see Table nr.9. 
 

Table 8 The separation between RFQ and Order 

RFQ	(reference	for	quotation)	 Order/	first	delivery	
o Concept	generation		
o Order	review	
o Bill	of	material	
o External	drawing	from	the	customer	

o Design	review	
o Risk	assessment	
o Tolerance	testing	
o Validation	testing		
o Prototype	evaluation		

 

5.2 First	checklist	evaluation		
The first checklists evaluation was conducted with the help of the provided coupling, see 
Section 3.5 Product description. The DFX checklists were performed with the help of the 
company supervisor in order to obtain realistic results. The Lean and Concurrent Engineering 
checklists were completed with the help of the Plant manager. The checklists were completed 
whilst walking through and evaluating the assembly department with focus on the current IF/FF 
assembly cell of the coupling.  
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 DFA	Checklist		
The DFA checklist generated by Boothroyd, et al. (2011) provided a list of critical areas to 
evaluate whilst implementing DFA into a product, see Appendix nr.3. The table is answered by 
evaluating each part within the product step by step. The table is to be answered with yes (Y), 
and no (N) answers.  
 
The results obtained from the DFA checklist evaluation were very similar to the results obtained 
without the company supervisor, see Section 3.8.1 Results of the DFA process. The main 
difference included the values regarding the number of interfaces between parts. Without the 
companies input, 63 part- to- part interfaces were identified with the physical product. After re-
analyzing this with the help of a CAD drawing, 128 part to part interfaces were identified, see 
Table nr.10.  

Table  10 Comparison of interface calculations  

 
 

The new results from the DFA complexity calculations are as followed: 
 

𝐷𝐶𝐹 = Σ𝑁𝑝 ∙ Σ𝑁𝑖 
 

Couplings complexity factor = 𝐷𝐶𝐹 = Σ28 ∙ Σ128 = 3584 = 59.86 
 
Once the correct number of interfaces were identified the complexity factor increased by 17.86. 
This indicates the current design of the coupling is far more complicated than the indicial results 
obtained in Section 3.8.1 Results of the DFA process. These results illustrate the need for re-
design whilst implementing DFMA principles.    

 Design	efficiency	checklist		
The targeted percentage to achieve whilst applying the design efficiency is 60%, 
(www.Deed.ryerson.ca). The obtained value whilst implementing the design efficiency to the 
coupling was 32%. The design efficiency inspires and triggers discussions concerning how 
parts can be merged and which parts are indispensable for the product to function, see Table 
nr.11 below.  
 

Table 11 Design efficiency Checklist 

 

 DFM	Checklist		
Due to the lack of in-house manufacturing, Parker has little knowledge and information 
concerning the work ethic of their suppling companies. The checklist is to be used to assist 
Parker to ensure the use of DFM guidelines whilst manufacturing products, the coupling parts 
for Parker.     
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The checklist consists of 11 crucial areas of evaluation per the literature study, see Section 2.6 
Design for Manufacturing, resulting in 187 checking points for this coupling. The yellow areas 
seen in Table nr.12, are areas within the table that could not be answered due to the lack of 
contact with the supplying companies.  
 
The parameters to establish an index must be defined by the company in relation with their 
DFM expectations. Due to the absence of in-house manufacturing, continuous communication 
with manufacturing suppliers is needed in order to performer this checklist within the modified 
Internal PDP for future product development. 
 

Table 12 DFM Checklist 

 

 Lean	and	Concurrent	Engineering	checklists		
The plant manager volunteered to conduct an analysis of the current IF/FF assembly department 
with the help of the newly generated checklists. The main objective with the analysis was to 
evaluate the use of the newly developed Lean and Concurrent Engineering checklists. This 
includes the understanding of the questions within the checklists as well as ensure the scales 
were used correctly.  
 
Many of the Lean and Concurrent Engineering principles have already been applied within the 
current assembly department. This implementation was evident whilst filling in the checklists 
and obtaining high and satisfactory values. The main objective is to obtain as high a numerical 
value as possible.    
Lean checklist results (Table 13): 18 out of 30, 60%  
Concurrent Engineering results (Table 14): 37 out of 45, 82%   
 

Table 13 Lean Checklist 

 
 
The largest detected area of improvement within the Concurrent Engineering checklist 
evaluation (Table 14) included the lack of organization within the individual cells. The 
question, are tools being stored correctly, received the lowest score of 2 points. These results 
are very much connected to the results obtained within the Lean checklist, see Table nr.13.  

LEAN	CHECKLIST
SCALE	0-5;	Scale	representation	0	=	non,	5	=	very	high

Are	unneeded	equipment,	tool,	furniture,	etc.	present	in	the	area? 1
Are	aisle/walk	ways	and	workstation	clearly	marked	and	identified? 2
Are	fixtures,	tools,	equipment	and	inventory	properly	identify	in	their	correct	locations? 3
Are	items	put	away	after	use? 4
Are	there	established	cleaning	methods	for	the	workplace? 3
Are	trash	bins	and	scrap/recycle	containers	emptied	on	a	regular	basis? 5

TOTAL 18
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Table 14 Concurrent Engineering checklist 

 
 
The evaluation was conducted on the current IF/FF cell. Due to this, the results obtained were 
satisfactory. The checklists are intended for a newly generated product, and used as a guideline 
to aid the assembly process.  

5.3 Focus	group	with	the	cross-function	team	
The cross-function evaluation was limited to 2 hours, and conducted with the help of 6 
employees from the cross-function team at Parker. A booklet containing thorough explanation 
of each individual checklists was created and sent out 2 days prior to the evaluation. This was 
done to aid and prepare the focus group as much as possible prior to the evaluation.   
 
Additional booklets containing blank tables were printed out for the cross-function team to fill 
in during the evaluation session. Supplementary explanation booklets were also printed out and 
made available for the staff whilst conducing the evaluation. 
 
Positive feedback was received concerning the suggested Internal PDP. The engineering staff 
within the cross-function team were very pleased with the separation of the new concept and 
need-products within the modified Internal PDP. This separation enables the cross-function 
team to focus on completing only the most vital stages within the product development, saving 
time and resources whilst producing need-products. The separation also allowed a clear 
perspective on what needs to be enforced whilst developing a new concept.  
 
The newly generated checklists were also positively viewed as they ensure documentation for 
the future product development at Parker. This is currently a very large problem within the PDP 
at Parker, see Section 1. 1 Problem description.  

 Results	obtained	from	the	cross-function	evaluation		
Due to the minimal amount of time provided to evaluate the coupling, the DFA checklist was 
cut down and the Design Efficiency Checklist was not performed. 5 parts within the coupling 
were evaluated in the DFA Checklist, the dust sleeve, ball cage, valve, vale holder and the back 
body. All questioned were read aloud and discussed prior to answering them. Majority of the 
answers were synchronized and identical. The varied answers included the number of interfaces 
along with the theoretical minimum part question.  
 
The DFM and DFE Checklists were narrowed down to one part, the guide. Again, all questioned 
were read aloud and discussed prior to answering them. The result obtained from these 
checklists were identical within the cross-function team. This was mainly due to the excessive 
amount of discussions generated for each question. The results reviled minor areas of 
improvement within the product, as well as the lack of knowledge concerning the development 
process of providing manufactures. The amount of wasted materials whilst producing a product 
was unknown along with the recycling process of the scrap materials, material output. In 
addition to these questions, the cross-function team could not answer if the materials used 
within the guide were purchased from local material banks or from oversea locations. 

DESCRIPTION SCALE	0-5;	Scale	representation	0	=	non,	5	=	very	high
Improvement	memos Are	improvement	memos	regularly	being	generated? 5
Improvement	ideas Are	improvment	ideas	being	acted	on? 5
Key	procedures Are	standard	procedures	clear,	documented	and	actively	used? 3
Improvement	plan Are	the	future	standards	being	considered	with	a	clear	improvement	plan	for	the	area? 4
Training Is	everyone	adequately	trained	in	standard	procedure? 4
Tools	and	parts Are	tools	being	stored	correctly? 2
Stock	control Are	stock	controls	being	adhered	to? 4
Procedures Are	procedures	up-to-date	and	regularly	reviewed? 5
Activity	boards Are	activity	boards	up-to-date	and	regularly	reviewed? 5

37

CONCURRENT	ENGINEERING	CHECKLIST

TOTAL
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Additional feedback from the cross-function team included the scales within the checklist. The 
cross-function team implied all the checklist should be answered with Yes (1) and No (0) 
answers instead of scales up to interpretation. The cross-function team highlighted the difficulty 
of applying a number to certain questions. These questions would most defiantly result in long 
discussion, wasting both time and resources. 

5.4 DFA	evaluation	with	the	Lucas	method		
Unlike the Boothroyd et al. (2011) method, the Lucas method is based on a point scale which 
gives a relative numerical value of the assembly difficulty, see Table nr.15. The data obtained 
from the Lucas method is simple and effortless in comparison, enabling its user to implement 
DFA into their products, (www.Deed.ryerson.ca). Despite the feedback from the cross-function 
team regarding numerical values, the Lucas method was used to provide specific percentages, 
providing numerical values highlighting areas of improvement within the redesigning of the 
coupling, see Section 5.4.1 Handling analysis and 5.4.2 Fitting analysis, for the method 
description.  

Table 15 DFA checklist evaluation with the engineering staff at Parker 

 

 Handling	analysis	
According to the handling analysis within the Lucas method, the aimed index for a component 
is 1.5, (www.Deed.ryerson.ca). If the index exceeds 1.5, the part should be examined for re-
design. The numerical values are used to re-place the Y and N answers seen in the previous 
DFA checklist, see Appendix nr.3. These values have been pre-established and represent the 
magnitude of infliction within each problem area whilst assembling a product, 
(www.Deed.ryerson.ca). After applying the Lucas method to the coupling, 18 out of 30 parts 
of the coupling exceeded the index. This indicates 60% of the coupling can, and should be 
improved with the help of re-examination for re-design, see Figure 36. 
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Figure 36  The Lucas Method, Handling analysis, (www.Deed.ryerson.ca ) 

In general, all the components within the coupling should meet a "feeding ratio" with an ideal 
value of 2.5, (www.Deed.ryerson.ca).The feeding ratio can be determined with the help of the 
equations below.  The Total Handling Index is the sum of all columns within the table, Table 
15, regarding the four boxes of the Lucas method, see Figure 36.  
 

𝐹𝑒𝑒𝑑𝑖𝑛𝑔	𝑟𝑎𝑡𝑖𝑜 = 		
(𝑇𝑜𝑡𝑎𝑙	𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔𝐼𝑛𝑑𝑒𝑥)

(𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙	𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠)
= 

 

𝐹𝑒𝑒𝑑𝑖𝑛𝑔	𝑟𝑎𝑡𝑖𝑜 = 	
49.8
28

= 1.78 

 Fitting	analysis	
The fitting analysis is calculated with the same parameters as the Handling index. 1.5 is the 
preferred parameter for each coupling part, and a feeding ratio of 2.5, (www.Deed.ryerson.ca). 
As mentioned in Section 5.4.1 Handling analysis, the values have been pre-established and 
represent the magnitude of infliction within each problem area whilst assembling a product, 
(www.Deed.ryerson.ca). 
 
The results of this analysis produced a greater variance compared to the Handling analysis. The 
result obtained include 23 out of 30 parts. This means 76.66% of the coupling parts should be 
consider for re-design, see Figure 37. The fitting ratio obtained was 2.36. Despite the results 
obtained from the fitting index, the ratio is still within the desire parameters. In other words, 
the window of opportunity is wide within this area of the evaluation, but the product itself is 
still consider an acceptable design per the Lucas Method, (www.Deed.ryerson.ca). 
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Figure 37 The Lucas method, Manual Fitting analysis, (www.Deed.ryerson.ca).  

5.5 Conclusions	of	evaluation	 
The various focus group evaluations provided a greater understanding of how the generated 
checklists would be implemented into the modified Internal PDP. The evaluations brought 
attention to needed changes within the Lean checklist concerning wording and scoring. In 
addition to this, Parker requested that all checklist besides the DFA checklist should be 
answered with Yes (1), and No (0) answers rather than scale based results.  
 
The main problem with obtaining yes and no answers is the lack of numerical values. The tables 
also lack guidance including favored or goal values within each segment.   

5.6 Summary	of	the	evaluation	chapter	
In order to investigate and evaluated the benefits of implementing DFMA guidelines into the 
modified Internal PDP, a case study was conducted. The case study consisted of inserting the 
provided coupling through the multiple checklists. This enabled the staff to go through the 
alternative stages within the modified Internal PDP and performed the checklists generated 
within the various stages. By doing this, obvious faults within the current model were revealed.  
 
The focus group evaluation resulted in requested alterations included implementing a 
separation between the first three stages within the Internal PDP from the remaining steps, see 
Section 5.1 Focus group engineering department. The stages were requested to be separated 
into two categories, RFQ/ offer and Order/ first delivery.  
 
The cross-function team suggested improvements for the scales within the checklist, see 
Section 5.3 Focus group, cross-function team. The focus group implied all the checklist should 
be answered with Yes (1), and No (0) answers instead of scales ranging from 0 to 5. The cross-
function team argued the difficulty of applying a number to certain questions. These questions 
would most defiantly result in long discussion, wasting both time and resources. 
 
This information was later implemented and used to additionally complement and alter the 
modified Internal PDP to suit the companies needs and wishes.   
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6 Final	concept		
The final concept of this thesis includes the modified Internal PDP with DFMA implemented 
within the process. The result will be presented in the form of a pamphlet for Parker. The 
pamphlet consists of the modified Internal PDP, along with the developed checklists. In 
addition to the checklists, a short description of each table was made to inform the users on 
when and why they should implement the checklist into the PDP.   
 
The final modifications were applied according to the feedback retained by the various 
evaluation sessions, see Chapter 5 Evaluation. This information enabled modification to the 
Internal PDP to obtain features and characteristics, making the PDP exclusive for Parker.  

6.1 Modified	Internal	PDP	
The requested alterations generated in Section 5.1.1 Results from the focus group evaluation, 
included implementing a separation between the first three stages within the suggested Internal 
PDP from the remaining steps. The stages were requested to be separated into two categories, 
RFQ/ offer and Order/ first delivery, see Figure 38. This model was built upon the generated 
Internal PDP in Section 4.16 Implementing the Checklists into the Internal PDP, see Figure 35.    
 

 
Figure 38 Modified Internal PDP 

1 Principle design, 2 Design phase and 3 Simplified Risk assessment are all within the RFQ 
order and the remaining steps are within the First order. The inputs and out puts within all stages 
of the modified Internal PDP have been specifically generated for Parker. Many of these stages 
have been influenced by the existing Internal PDP and modified to incorporate both theory and 
the companies practical work ethic.   
 
1 Principle design includes receiving customer requests, drawing, along with RFQ 
specification. The out-put from the first stages includes cost and time estimation generated by 
the cross-function team. 



 59 

2 Design phase includes the concept generation phase of the product development along within 
implementing DFA and Design efficiency principles. The out-puts of stage 2 consist of CAD 
models.  
3 Simplified Risk assessment includes the cross-team evaluating the generated CAD models. 
The out-put is a completed risk assessment, also performed by the cross-function team at 
Parker.  
4 Design review is the stage were the cross-function team assesse the risk assessment and 
documentation of the current product development. The DFM and DFE checklist are also 
completed within this stage of the modified Internal PDP. If the results are not satisfactory 
according to the cross-function team, the concept is sent back stage 2 Design phase, and new 
concepts are generated.   
 

a. New concept is chosen if the product design, concept design, differs largely from any 
previously developed couplings within parker. The out-put includes DFMEA analysis 
of the new concept.  

a.1 Prototypes of the new concept are developed in order to evaluate the function and 
usability of the product. This is performed by the cross-function team. 
a.2 The Design review includes implementing the Lean and Concurrent Engineering 
checklists to the newly developed station for the assembly of the product. This is done by 
the cross-function team as well as the management staff within the assembly department.  
a.3 The Decision window is an escape alternative for the company. This can be used due 
to the negative result generated in the previous stages within the new concept, or if the 
customer is no longer interested in the product.     

 
b. Need product is chosen if the concept is similar to previously developed products at 

Parker. In this stage, prior product documentation is to be evaluated for previously 
developed solutions and knowledge.  

 
5 Decision window includes the cross-function team approving the concept design according 
to the result obtained from the previously performed stages within the modified Internal PDP. 
The cross-function team has the alternative of passing the concept to the stage 6 Pre-series of 
production or declining the concept. By declining the concept, it is sent back to the generation 
phase of the Internal PDP and re-designed or completely dropped by the company.  
6 Pre-series is the production of the product, also known as the first produced batch of the new 
product.   

6.2 Modified	Checklist		
The checklists were modified according the feedback received from Section 5.3.1 Results 
obtained from the cross-function evaluation. The engineering staff implied all the checklists 
should be answered with Yes (1), and No (0) answers instead of scales ranging from 0 to 5. 
This was the only flaw detected by the evaluation sessions concerning the checklists.  
 
By implementing (Y) and (N) answers, the cross-function team have decreased their odds of 
long and unnecessary discussion that can occur whilst applying a scale. The Focus group agreed 
on the terms, if any area was questionable, it would obtain a (N) answer. Only questions the 
cross-function team were a hundred percent certain of would obtain a (Y) answer in the future 
use of the checklists.  

6.3 Finished	pamphlet	concept		
The finished concept was decided to be in the form of a pamphlet. This pamphlet includes a 
short description of each checklists, the modified Internal PDP, a PDP definition, along with a 
short description of the aim and objective with the project, see Appendix nr.11. 
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7 Discussion		
The discussion chapter includes a list of arguments regarding the methods used within this 
thesis and their relevance for the project. In addition to this, observations concerning 
improvements and alternative strategies and methodologies to enhance the outcome of this 
project have been discussed.  
 
According to the company, the results of this project are considered to be satisfactory. Despite 
the difficulty of developing a modified Internal PDP, the positive feedback received from the 
company has enforced the accomplishment of incorporating all aspects, wishes and 
requirements into the finished product.  
 
The main objective of this thesis was to implement DFMA into the current Internal PDP. After 
analyzing the current Internal PDP many faults were discovered, first and foremost the lack of 
implementation and use of the steps whilst developing a product. These findings made it 
difficult to only implement DFMA without altering and modifying the entire process.  
 
The analysis of the current Internal PDP could not have been conducted without the help of the 
cross-function team. The cross-function feedback played a significant role in the modification 
of the newly developed Internal PDP.   
 
Implementing new methodology was not always welcomed by the personnel. It was genuinely 
challenging to advocate for the importance of following the newly implemented methodology 
as well as documenting results obtained whilst conducting the different steps. Certain members 
of the cross-function team could not understand how this could be considered beneficial for 
future product development within Parker. Members of the cross-function team argued the mass 
amount of experience and pervious knowledge obtained from years of work experience made 
them equip to make decisions without following a process. This is to say following pre-
established steps seemed like a waste of time. The project argued the scenario of a new staff 
member. A new staff member may have experience within the field, but poses limited 
knowledge of the work ethic within Parker.  
 
DFMA is currently not visibly implemented in any areas of the current Internal PDP, and no 
documentation of the minimal steps performed is made available for future product 
development. After the brainstorming sessions, it became evident that DFMA was implemented 
in the current product development at Parker, yet the lack of documentation and methodology 
used made it difficult to detect.  
 
During this thesis, different quantitative and qualitative data was gathered. DFX related 
information as well as Lean and Concurrent engineer methodology was explored in relation to 
DFMA. Due to the connection between these methodologies, the project found it very much 
relevant to implement these aspects into the final concept, modified Internal PDP. 

7.1 Problem	description	
The initial problem description for this thesis has evolved, changed and has been altered due to 
information gathered and evaluated. The main factors which influenced these changes include 
faults concerning the lack of documentation and performance of the Internal PDP, along with 
the time limitation to perform the PDP.  
 
The main objective of implementing DFMA into the Internal PDP was established and carried 
through from initial start of the project. In the early stages of the thesis, three prototypes of the 
Internal PDP were to be presented. After discussing this with supervisors from the university 
along with the company, an agreement concerning one prototype was reached. This was due to 
the existence of a current Internal PDP, and only modifications were to be made.  
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After the last feedback meeting with the company the want for more specific profit results was 
voiced. This included the want for modifications within the provided coupling, resulting in 
financial benefits. This request from the company should have been included in the 
specifications from the beginning of the project to avoid complications and misunderstandings. 
The outcome of this thesis could have been dramatically different.  

7.2 Scale	questions	for	the	personnel	within	the	IF/FF	Assembly	department			
The questionnaire included a survey research method used for collecting data concerning the 
current assembly department within the IF/FF cell. Due to the complexity of the wording within 
the original questionnaire, modifications were made in order to obtain as much information as 
possible from the assembly staff at Parker. 
 
Additional alteration included the number of participants. The initial questionnaire was to be 
performed by all staff members within the IF/FF department, but this was not possible. Six 
employees whom assembled the coupling were made available for the questionnaire. The 
reduction of employee feedback reduced the amount of information obtained. However, the 
collected feedback was very much concentrated on the specific product, the assembly of the 
coupling. If the questionnaire was performed by a larger number of individuals, the outcome 
might have varied and the percentages could have been more consistent.  
 
The questionnaire could have been complemented by observing and documenting thoughts and 
ideas whilst the assembly team answered the various questions. This could have resulted in 
more detailed answers and opinions form the assembly team as well as aided any questions or 
misunderstandings within the questionnaire.  
 
The results were later displayed in percentage wheels in order to observe the data with 
numerical values. The percentages obtained where quite similar to each other due to the reduce 
number of participants. The outcome of the percentages provided little information. Despite the 
lack of information provided by the percentage wheel, the written information obtained allowed 
the thesis to take a favorable path towards specific problems presented within the assembly 
IF/FF cell. According to the engineering staff, these issues had not been presented prior to our 
arrival due to the lack of communication within departments of the company.    

7.3 Behavioral	mapping		
After analyzing the function of the coupling, along with all its parts, the design efficiency of 
the product exceeded the predetermined index. Due to these results the focus lied within 
alternative factors such as time. One of the most repetitive answers within the questionnaire 
concerned the amount of time wasted while retrieving parts for the coupling. According to the 
questioned IF/FF assembly employees, other cells within assembly department have a 
designated person whom retrieves parts for the assembly cells.  
 
The first stage of investigation included counting all the steps needed to retrieving the parts for 
the coupling. This was first performed without external help, measuring the number of steps 
and the time taken to perform all the steps. After performing the retrieval, employees where 
followed and their steps were counted. Due to the lack of experience of the followed employees, 
the numbers were slightly off and not seen as accurate by the engineering staff at Parker. A 
designated part retriever was later followed, and charts were established according to the 
individual’s time and steps. This resulted in a reduced amount of steps along a more accurate 
result to determine the abbreviated amount of time to perform the retrieve parts.  
 
Due to reconstruction and reorganization of the assembly cell location towards the end of the 
project, much of the information gained within this method reduced in value. If this were to be 
known, this method would not have been performed prior to the relocation and organization of 
the cell.  
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7.4 Manufacturer	visit	and	DFM	
Problematic areas within a supplying company were identified, these include; waste 
management, the lack of communication with their suppliers and customers as well as 
insufficient storage of materials and finished products.  
 
As mention earlier, the lack of internal communication and in this case, with the manufacturer 
companies, is a major problem within Parker.  
 
1 out of 20 of Parkers supplying manufacturing companies was investigated. The visit provided 
the project with information concerning the manufacturing process for products for Parker. 
Based on the amount of information provided by the visit along with the lack of manufacturing 
knowledge among the engineering staff of Parker, it was very difficult and in some cases, 
impossible to answer certain questions within the DFM checklist.  
 
DFM was not made a priority due to the lack of in-house manufacturing at Parker. In order to 
obtain a greater understanding of the manufacturing process of the coupling, more supplying 
manufacturing companies should have been investigated. This would provide the thesis with 
further information according to DFM principles.   

7.5 Mind	mapping		
The main-focus of the mind map was to generate extended thoughts and ideas concerning the 
Internal PDP based on the literature study and data gathered within the empirical study. This 
method aided the project to organize all the information and rank the importance of each stage 
prior to implementing the information into the modified Internal PDP. 
 
The objective tree method could have been used instead of mind mapping. The object tree 
method Cross (2008), is used to clarify design objectives and sub objectives and the relationship 
between them. This method could have been used as an alternative due to the similarities and 
objectives of showing relationships and interconnections. 

7.6 Brain	storming	
The main objective with the second brain storming session was to allow the staff members to 
generate connections between activities within each stage of the current Internal PDP. Brain 
storming as a generation method was chosen due to the its capacity to fulfill the companies 
needs by generating a high-quality information channel between all service team members.  
 
The second brainstorming had an improved flow compared to the first session. The cross-
functional team became more interested in the second brainstorming sessions and participated 
more fluently. However, following the established rules was challenging for some of the 
participants. This resulted in constant intervention by the moderator in order to conduct the 
session per the time schedule provided.  
 
In order to obtain the best possible result from the multiple brainstorming sessions more weight 
should have been applied to following the rules. Members were not allowed to voice their 
options unless it could be done with one word. If the brain storming sessions would have been 
more strictly performed, the outcome could have resulted in additional ideas, and views would 
not be compromised by external opinions.  
 
Brain writing 3-6-5 could have replaced one of the brainstorming sessions. Brain writing 
includes all members to write down their own thoughts in a short amount of time. After the 
time is up, the thoughts and ideas are pass to the person on the right or left-hand side. This is 
done in a circle motions, and participants are asked to elaborate and continue developing their 
neighbor’s idea, (Wikberg Nilsson, Ericson & Törlind, 2016). This method would have reduced 
the possibility for participants to dominate the brainstorming session.  



 63 

7.7 Focus	group;	Cross-functional	team	evaluation	of	the	DFA	checklist		
Disadvantages with the large focus group evaluation, see Section 5.3, included the amount of 
irrelevant discussion which distracted the rest of the group. These discussions resulted in 
members getting stuck in certain questions, becoming reluctant to move forward.    
 
The checklists were executed individually. Despite this, answers where shared making the 
results harder to control and manage. Some members found the meeting intimidating and felt 
pressured to agree with the dominant individuals.  

7.8 Case	Study	
By evaluating the coupling with the modified Internal PDP we were able to detect faults and 
defects within the purposed model. The main objective with the evaluation was to demonstrate 
the use of the newly developed PDP along with the checklists. Despite the information being 
sent two days prior to the evaluation, very few to none of the participants had read the agenda 
along with the generated information booklets. 
 
The result of the case study was satisfactory. In the beginning there were some concerns of how 
the results could be misleading due to prior research of the coupling throughout the thesis. 
Because the majority of Parkers products are need-products based on the standard coupling, the 
evaluation results would have been very similar despite the designated coupling. 
 
Being able to obtain specific percentages and referring to pre-established indexes, allowed the 
project to advocate how the theoretical investigation, if applied, could improve the design of a 
product and significantly reduce the costs. 
 
Whilst generating the checklist, it was vital to obtain the option for a less complicated and 
shorter process for slightly modified products. This option was implemented with the help of 
the literature study concerning Lean Product Development, need-products.  
 
Due to the limited resources, workable and achievable alternative approaches should be 
considered instead of improvising in the middle of the evaluation session. This is something to 
consider whilst developing future projects. 
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8 Suggestions	for	further	investigation	
Due to the extent of expertise areas in which DFMA can be implemented, many improvements 
can still be achieved resulting in a superior design, hence higher profit within the company  
 
Whilst conducting the thesis, a specific coupling was provided by the company. This reduced 
the possibility to implement principles such as standardization of parts. Similar parts within 
separate models should be considered within the series. This includes other couplings which 
obtain the same size and features within Parker. 
 
There are various software programs available such as SEER for Manufacturing by Galorath, 
(www.galorath.com), or pre-established DFMA checklists by Boothroyd & Dewhurst, Inc. that 
can be implemented to digitalized and organized information gathered within the new PDP. 
DFMA software simplifies a product by utilizing an intuitive question-and-answer interface 
that recognizes opportunities for significant cost reduction in a product. By implementing 
industry-tested minimum part count criteria, the software indicates parts that can be combined 
or removed while keeping 100% functionality. 
    
Last, the case study revealed that there are opportunities to improve the work “culture” at Parker 
by establishing clear reporting lines within the project team, implementing decentralizing 
decision making when appropriate and conducting team based meetings to make sure that 
supplier-customer relationships are the highest priority. There are companies who specialize in 
examining corporate culture and suggesting improvements and abundant literature on the 
subject such as - The Corporate Culture Audit, (Bristow & Sandberg, 2010).  
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Appendix nr.1, Internal PDP analysis 
Green: stages that are performed  
Yellow: stages that are not performed  
Pink: stages that are not performed, but should be per the engineering staff of Parker.     
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Appendix nr.2, Winovation PDP with color documentation concerning completion 
The Winovation PDP was evaluated and questioned according to which stages within the 
PDP were performed whilst developing larger and more time-consuming products.1  
 

 
                                                        
1 Green: stages that are performed  
Yellow: stages that are not performed  
Pink: stages that are not performed, but should be per the engineering staff of Parker.     
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Appendix nr.3, The DFA checklist2 

 
  
                                                        
2  The cost break down analysis gives a 98.63% result. 1.37% missing for the total 100% 
includes the price of glue and lubrication needed to assemble the product.  
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Appendix nr.4, Shows the steps taken with in the assembly department whilst retrieving 
parts for the assembly of the coupling 
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Appendix nr.5, Scale questions with the IF/FF assembly department  
 
Do you find the current assembly line efficient according to the designated products? Example: 
It’s easy to reach tools, there is enough space to work?   
Strongly 
disagree  

Disagree Neutral Agree  Strongly 
agree  

 xx xx xx  
 There is not enough room in 

the cells, and sometimes it is 
hard to reach tools.  
Certain tools are placed in 
several slots (non-consequent 
positioning). 

The assembly works 
smoothly overall in the 
FF cell. It can get 
crowded in the assembly 
of large couplings. 
 

There is 
little space 
in each cell. 

 

 
Is there a specific task within the current assembly line that is especially difficult? Example: 
applying O-rings?  
Strongly 
disagree  

Disagree Neutral Agree  Strongly 
agree  

 x x xxxx  
 Yes, 

within 
certain 
couplings.  
  

Mounting of the 
adapter to the body. 
Pressure and rotational 
movements 
simultaneously are 
difficult to perform. 
 
 

FF10020 Es17 O-rings are difficult to 
apply to the adaptor.  
FF2521, hard to see if the O-ring stays 
in place whilst fastening the product. 
Difficult to see if the parts stay in place 
after the assembly is completed.  

 

 
Is it often a task or section of the assembly is forgotten? Example: it is forgotten to assemble 
the beads? 

Strongly 
disagree  

Disagree Neutral Agree  Strongly agree  

xxx x xx   
  

  
This does not happen often. 
Sometimes the back-up O-ring is 
not flipped over, (the yellow one) 

  

 
Is there a lot of wasted time whilst working in the assembly process? Examples: walking to 
retrieve parts, gluing parts, moving to different stations?  
Strongly 
disagree  

Disagree Neutral Agree  Strongly agree  

  x xxx xx 
  The new cell 

should be placed 
closer the existing 
IF/FF cells.  

Need to re-organize tool 
needed to assemble 
certain couplings.   

Yes, there is a lot of wasted 
time whilst retrieving parts.  
There are often parts missing 
within the assembly of a 
product, making us run 
between stations to retrieve 
them.   
Applying oil to areas before 
insertions take a lot of time.  
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Appendix nr.6, Cell worksheet for station No.1 of the coupling within the IF/FF 
department  

 
 
Appendix nr.7, Cell worksheet for station No.2 of the coupling within the IF/FF 
department  
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Appendix nr.8, Cell worksheet for station No.3 of the coupling within the IF/FF 
department  
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Appendix nr.9, Results and information obtained from the second brainstorming session  
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Appendix nr.10, Function analysis of the Internal PDP  
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Appendix nr.11, Pamphlet including the finished product for Parker   

 
 



 76 

 


