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Abstract 

 

The changing global market scenario along with intense competition and frequent adaptation to new technologies has created 

urgency in organisations across all fields to introduce products faster to market. To confront these challenges and complement 

the organisation's existing product development process, the concept of Rapid product development (RaDe) has been 

introduced. RaDe is a development model, which aims to upgrade or redesign the existing products, resulting in new sales 

items using the existing available supply chain process capability.  

 

The objective of this thesis is to identify and analyse the process framework for supply management, manufacturing & testing, 

and logistic processes. The framework proposed ensures that the product design is aligned to the existing capability of the 

selected supply chain processes, supporting the core idea of RaDe. The framework is developed by identifying the overall 

strategic objectives of the selected supply chain processes. Further, the related product design guidelines and metrics are 

recognised from the corresponding design for Excellence (DFX) virtues and life phases to align and manage the product design 

according to the selected the supply chain process goals. The proposed theoretical framework is then analysed at three different 

case companies’ from various industrial domains to validate their supply chain process maturity level using capability maturity 

model integration (CMMI) model.  

 

This master thesis is steered in three phases, In the literature review phase the features of the proposed theoretical framework 

is recognised from the respective supply chain performance measures, product design guidelines and metrics viewpoint, In the 

empirical phase the current maturity state of the supply chain process of the selected case companies is identified concerning 

the framework, and in the result and discussion phase the managerial implication and future roadmap to achieve the highest 

maturity level are suggested based on the proposed framework. 
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1 INTRODUCTION 

1.1 Background 

The need to introduce new product quickly into the market has become ever increasing 

the priority for companies across all businesses. Introducing new products have become 

essential for an organisation to stay profitable, attain consistent growth and remain highly 

competitive in ever growing global and dynamic business setting. (Bernard & Fischer 

2002).The necessity of a new product or a solution arises due to the shortening product 

life cycle or from the continuous changing customer need for better and economic end 

solution, triggered by the increasing ease of obtainability of other competitor similar 

products and solutions (Kandasamy 2016).The abrupt growth in technological 

innovations has also resulted in organisations to provide an innovative solution like never 

before in a limited timespan to its desirous customers (Evangelista & Vezzani 2010). 

Organisation adapts to such development time reduction through continuous innovative 

strategic, operational and team management decision models in their projects. Rapid 

product development is such a development model (Vigna et al. 2015). 

This thesis is carried out as a part of Rapid Product Development (RaDe) II-project in the 

department of industrial engineering and management at the University Oulu in 

cooperation with industrial case companies. RaDe is a product development model 

complimenting the existing traditional tedious gate driven product development process 

to redesign or upgrade products swiftly and economically, utilising the existing supply 

chain process. The fundamental notion of this thesis is to suggest a framework for RaDe 

to develop products consistent with the available supply chain process capability. The 

supply chain processes and sub processes has been classified in multiple ways in various 

literatures, for the easy understanding during the thesis work, the supply chain process in 

this study addresses three significant processes, the supply management, manufacturing 

& testing, and logistics processes in accordance with supply chain process classification 

in  Tan (2001) 

It has been evident in the relevant studies, that the reduced development time and cost is 

associated with the early collaboration among various departments including supply 
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management, manufacturing, and logistics in the product development phase. The 

representations of these departments in product development activity aids in transferring 

specific areas of experiences and expertise of these departments in the product 

development activity results in crafting successful products. However, tools and 

methodologies to evaluate the product goodness with such a collaboration are not 

represented well enough in the past studies (Kaski 2002). The proposed framework can 

be considered a tool or a method to address the same from three process perspective. 

1.2 Research scope and objectives 

The purpose of the current study is to analyse the case companies’ readiness for RaDe 

type of product development model. The analysis will cover the operational targets and 

related performance metrics for the supply chain processes. In, addition the product 

design guidelines and product design metrics will be analysed in order to find the potential 

linkage between the product design targets and supply chain process targets. The analysis 

framework is presented on fig (1). In RaDe type of product development model, the 

objective is to influence the product design by aligning the product design to supply chain 

process targets and metrics through design for excellence (DFX) product design 

guidelines and metrics.  

 

Figure 1: The analysis framework between supply chain process DFX product design 

guidelines, metrics and rapid product development. 
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The analysis framework can support rapid product development in the form of pre-

defined product design guidelines to assist the product design at earlier stages of product 

development in complying with existing supply chain capability and related strategic 

targets and measures. The analysis framework can be developed through the normal New 

Product Development (NPD) initiative and utilised for subsequent RaDe projects in case 

the process are not mature according to the defined framework fig (1). 

The supply chain process under consideration for the current study is confined to supplier 

management, manufacturing, and logistics. A description of performance measures or 

indicators for the above process and related product design guidelines to support RaDe is 

developed and further discussed in the forthcoming chapters.  

The overall scope of this thesis is defined in three research questions as shown below. 

1. What are the strategic objectives and key performance indicators for supply 

management, manufacturing & testing, and logistics process?  

2. What are the product design guidelines and design metrics for supply 

management, manufacturing & testing, and logistics process?  

3. How mature are the supply chain process in case companies to support the 

proposed framework and henceforth support RaDe? 

 

The first two research questions provide a theoretical understanding of the proposed 

framework from the current scientific literature on performance measures and DFX 

concept. The third research questions are formulated to analyse the current state and 

maturity of the case companies with respect to proposed framework. 

1.3 Research process 

The research approach for this study is conducted in three phases, the literature review 

phase, empirical study phase, and the result and conclusion phase Fig (2). The literature 

review phase is conducted to develop the theoretical basis for the proposed framework; 

the empirical study is focused on revalidating the theoretical arguments, assess the 

parameters and maturity of the current status of the framework in the case companies. 
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The final phase reports and discusses the findings of both prior phases of the proposed 

framework and applicability to adapt RaDe  

The literature review is further divided into three sub-phases, the first sub-phase address 

basic definitions of product and development process and in addition validates the need 

for supply chain capability integration in the development process. The subsequent 

section of the literature review identifies the overall objectives of the selected three supply 

chain process and the description of their relevant performance measures. The third sub-

phase of the literature review is focused on the product design guidelines and metrics 

identified through the DFX concept. The final result from the literature review answers 

the first two research questions. 

The empirical study is conducted by creating a detailed questionnaire (Appendix A) from 

the theoretical study which is sent across to the relevant personnel in charge of the defined 

processes in the case companies. A face to face interviews are conducted to validate the 

theoretical findings, and the maturity of supply chain process is evaluated with respect to 

the Capability Maturity Model Integration (CMMI) model.  

 

Figure 2: Research process approach description. 
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2 LITERATURE REVIEW  

In this chapter, the first two research questions are answered by analysing the existing 

available scientific literature data. The literature review is modelled in a way where very 

basic concepts about product, product development are understood in order to define 

Rapid product development (RaDe). Further, the review is carried out to investigate the 

supply chain processes and the related performance measures. A similar study is 

constructed to answer the second research question to understand and identify the product 

design guidelines and metrics through DFX concept. The theoretical foundation 

developed in the literature review is then used as a basis for the empirical study. 

2.1 Product and product development process 

It is essential to provide some basic definition and understanding of product and widely 

adapted product development processes before considering the concept of Rapid product 

development (RaDe). 

2.1.1 Product 

In a universal term product is a defined as an “article or a substance” that is refined for 

sale. According to Saaksvuori and Immonen (2008) the article or the substance is 

classified in two three categories, the first one being tangible goods with a physical form 

and function, followed by intangible goods categories which include software , 

algorithms, and the final one is categorized as services which is designated as a series of 

processes with intangible activities. Keeping the above product classification in mind the 

targeted definition of the product that is more like-minded with current study is that of 

engineered product defined by Ulrich and Eppinger (2008), here the product constitutes 

discrete parts establishing subassemblies, and the subassemblies further contributing to 

minor or major assemblies, the collection of assemblies resulting in a system or a product. 

(Tolonen et al. 2015) depict a general physical representation of product structure 

confirming the above argument from vertical sense Fig (3). 
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Figure 3: Product structure, commercial and technical portfolios (Tolonen et al. 2014). 

2.1.2 Product development process  

Product development or new product development is the process of designing, creating 

and marketing new products or services to benefit customers. Product development 

comprises both improving an existing product or its presentation and developing an 

entirely new product. A product development processes are the sequence of steps or 

activities, which an enterprise employs to conceive, design, and commercialize a product. 

(Ulrich & Eppinger 2008). Cooper. (2001) defines the product development process as a 

blueprint or a road map for moving new product through various stages or steps from idea to 

launch. The main intent of utilizing a robust product development process is to ensure product 

quality along with optimized utilization of available resources, a well-defined process 

provides a master plan, which maps the available roles responsibilities in the development 

effort to ensure quality products. At the highest level Otto and wood (2001) summarizes 

product development into three phases as a) Understanding the opportunity b) Develop a 

concept c) Implement a concept  

The first phase constitutes all the activities needed to make the decision to launch a new 

product development effort, followed by the phase to choose what the product will be and 

the final phase constitutes all the activities to make the chosen product to function. 

Although the above said, phases are mandatory for any specific development processes 

http://whatis.techtarget.com/definition/product
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each organisation employs processes at least slightly different from that of every other 

organisation (Ulrich & Eppinger 2008). 

The two most popular and widely used delivery product development processes are 

envisaged by Ulrich and Eppinger, Copper’s stage gate product development process 

which are discussed further below. Ulrich and Eppinger (2008) has proposed a widely 

used development process, which consist of six phases, which are as a) Planning b) 

Concept development c) System-level design d) Detail design e) Testing and refinement  

f) Production ramp up 

Cooper (2001) has proposed a popular five stage and five-gate process for driving a new 

product to markets, which has close similarity to that of Ulrich and Eppinger, the stages 

described in cooper’s stage gate processes are discussed below. 

 

Figure 4: Overview of the stage gate process (Modified based on Cooper, 1990). 

 

According to (Cooper 1990), the stage gate recognizes the product innovation as processes, 

which should be managed. The stage gate processes are divided into five stages and 

subsequent gate or quality controls. The stages are the where the actual activities are carried 

out, and the gates ensure the quality of the deliverables from each stage to be sufficient. The 

function of the predetermined stages according to cooper are described below. 

 Idea Screen: the process is initiated by a new product idea, the first decision to  

commit resources for the idea are considered here if the gate result is a “GO” for the 
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project. The strategic alignment, magnitude of the opportunity, project feasibility are 

some of the criteria on which the decision is based upon. 

 Preliminary Assessment: The objective is to determine the project technical and 

marketplace merits. The assessment is based on varieties of relatively inexpensive 

activities including collecting data and even a quick concept test. At the gate the 

project is again subject to the “should & must” meet criteria similar to the earlier gate. 

 Detailed investigation (business case) Preparation: the stage is considered to be the 

final stage prior to the product development. Here the project requirements are clearly 

defined, a deep analysis of the market study and competitive advantage study is a 

vital part of this phase. The customer needs are translated into technical and economic 

feasibility solutions like the issues related to manufacturability, the cost of 

manufacture are investigated. The gate after this phase is considered crucial since this 

is the last point where the project can be killed before heavy spending. A development 

plan and preliminary operations are chartered and approved in this gate. 

 Development: the stage involves the development of the product and simultaneously 

expansion of detailed test, marketing, and operations plan. The gate which is the post 

development review is a check on the progress and continued attractiveness of the 

product and the project. Development work is reviewed and checked for quality 

aspects. Financial assessment of new and more accurate data is carried out along with 

test and validation plans.  

 Testing and Validation: the entire viability of the product and project is tested here 

which include the viability of the production processes and customer acceptance. The 

tests contain in-house product test for product quality and performance, user or field 

trials to verify the product functions under user conditions. Trial production is carried 

to debug the production process and to determine the production cost and rates. This 

considered being the final stage where the project can be killed if it does not meet the 

defined requirements financial projections on the possible revenues play a key role in 

the decision to move ahead.  

 Full Production and market launch: the final stage involves the implementation of 

both the marketing launch plan and the operations plan  

 Post Implementation review: The product is inducted into the regular product line of 

the company. A feedback documentation is prepared in terms of product and project 

performance. Overall product and project latest data on time and expenditure is 

compared to analyses the performance. A post audit that is a critical assessment of 
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the project strength and weakness and learnings from the shortcomings are 

documented for future. 

2.1.3 Versions of the development process to fit various business needs  

Cooper (2008) has recognized that not all the project has to go through all the five-stage 

process, but every project has its unique management direction to handle the risk associated 

with it and the resource consumption. Therefore, Cooper (2008) has mutated the standard 

five-stage stage processes to multiple versions to fit the customized business case, and project 

needs. The variation is depicted in the fig (5).  

 

Figure 5: Overview of variation stage gate processes (Cooper 2008). 

The variation is defined as stage-gate full for high risk entirely new development projects, 

followed by stage-gate express for projects of moderate risk, such as improvements, 

modifications and extensions and final one as stage-gate lite for very small projects, such as 

simple customer requests. (Cooper 2008) 

2.1.4 Rapid product development (RaDe) 

Due to the changing market dynamics, companies strives to provide new products to the 

marketplace constantly. According to Bollinger et al. (2000) the fast and successful 

positioning of new products on the market has become vital for a company, resulting in 

shortening of the product life cycle and development times. These new products are often 

handled by either developing new forms of existing products or producing new product 

according to new customer preference (Pine 1999). 
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All though Rapid product development (RaDe) is a new concept developed by “PXM” 

team of the department of industrial engineering and management at the university of 

Oulu from a management and organisational viewpoint, RaDe type of project is a 

common industrial practice (Lohikoski et al. 2014). Concepts similar to RaDe to 

accelerate product development and reducing lead time are present, but a very little 

empirical research (Kaikkonen et al. 2015) therefore a demand for a closer attention from 

the academic community is evident. 

The basic notion of Rapid product development (RaDe) is to provide an alternative 

development framework to complement the existing extensive product development 

processes which result in a new sellable item. Similar shortened stage-gate models have 

been suggested by Cooper and Edgett (2012) for shortening development times. RaDe is 

a type of incremental NPD that focuses on redesigning or upgrading existing products 

quickly and inexpensively (Vigna et al. 2015). The scope of change for RaDe type of 

projects and their influence on the product structure is shown in the fig (6). 

 

Figure 6: Scope of rapid product development on a product structure (Modified from 

Tolonen et al.  2014). 

From a product structure point of view, RaDe is the creation of new sales items which are 

based on changes in the technical structure of the existing products. The need may arise 

from internally identified product improvement or an external customer request for 

modified version of already available sales item with an immediate intent to sell. The 

standalone factor as far as RaDe is concerned is that RaDe utilizes only the existing supply 

chain arrangement and no manufacturing or testing technologies, and new suppliers are 
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sought since demand for a modification in the existing supply chain network can result in 

increased lead time which is out of RaDe  scope. 

RaDe project is a multidisciplinary research approach combining research from 

knowledge management, work and organisational psychology, human resources 

management and industrial engineering and management (Lohikoski et al. 2014). Rapid 

product development (RaDe) focusses on fast paced development by investigating agile 

methods in managing organisational and communication process (Vigna et al. 2015). It 

provides a framework to create the strategic capability to market products faster to various 

abrupt customer demands. RaDe emphasis in creating latest empirical knowledge on 

prompt product delivery through a joint project between case companies and expert 

researchers. 

In order to perform projects such as RaDe, it is important to consider factors such as 

knowledge transfer, coordination, and communication between departments. These, when 

executed effectively, can address issues and uncertainties before beginning of the project 

which results in uninterrupted and fast project execution (Lohikoski et al. 2014).  

2.2 Supply chain processes  

This chapter discusses the impact of the selected supply chain processes and its sub 

processes (supply management, manufacturing, and logistics) on product development. 

The focus is to find the objectives of the considered supply chain processes and their 

targets and key performance indicators (KPI).  

The increasing importance of enabling effective supply chain process to create sustainable 

competitive advantage are considered significant to impact key competitive dimensions 

like faster product availability and delivery cycle time  along with developing new 

product solutions (Tracey et al. 2005). Only a product with well-established supply chain 

processes can be handed over to operations of mass manufacturing, purchasing, and 

logistics, and this is achieved by alignment and co-operation between NPD and supply 

chain processes (Tolonen et al. 2016). Carillo and Franza, (2006) argues that the financial 

success of a new product is influenced by the firm's supply related capabilities. 
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2.2.1 Supply management process 

The term Supply chain management refers to all the facet of delivering products to the 

final customer .Supply management primary focus is on the buyer-supplier relationship 

(Leenders et al. 2002). Driven by the strategic recognition of purchasing (Chen & Paul 

raj 2004). 

According to Murray (2009) and Weele (2005) supply management or procurement is 

defined as the processes of acquiring goods, works and services from a third party or a 

supplier. It encompasses the purchasing activity which further encompasses and sourcing 

and supply Processes as sub-processes within the overall supply management and 

procurement process (Weele 2005). The sourcing cycle includes activities from the 

conception of sourcing strategy to supplier development. The supply cycle contributes to 

the receiving of goods and payments .The relationship between the above concepts is 

summarized in fig (7). In this thesis both the terms supply management and procurement 

has been considered as synonyms and has been used interchangeably to eliminate further 

confusion. 

Figure 7: Supply management or procurement process model (Modified from Weele 

2005) 

The supply management is an elevated strategic level activity which emphasis on the 

relationship between buyers and sellers apart from the traditional responsibilities of 

executing and processing purchase orders (Bowersox et al. 2002). The importance of 

supply management function has increased dramatically in the past two decades with the 

increase in substantial dollar volume of purchase and with outsourcing critical spin-off 

functions to suppliers (Bowersox et al. 2002).The supply management processes as 
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identified by Weele (2005) is distinguished in four phases. The first one is to determine 

the purchase specification. The purchase process starts by defining the required 

specification whether functional or technical. The second phase is the sourcing function, 

during this stage one or more suppliers are selected with whom the delivery of the product 

will be negotiated. In the third stage activities related to negotiation and contracting are 

handled. During this phase, the buyer and the supplier agree on the purchase terms such 

as price and delivery time. Finally, in the supply process, the purchase order is initiated 

and items are delivered at the required quantity, price and time. (Weele 2005) 

2.2.2 Manufacturing and testing process. 

The succeeding supply chain process under consideration is defined as manufacturing and 

testing process. For the ease of study, the process is separated as manufacturing which 

includes part or component manufacturing operation, module subassembly, and final 

assembly. The testing process is studied separately as another segment of the overall 

manufacturing and testing process. A simple representation of the manufacturing and 

testing process workflow model is presented in the fig (8). 

 

Figure 8: General manufacturing process overview (Modified from Creese, 1999) 

Manufacturing   

In a more generic term, a manufacturing system consists of machines which include 

processing, assembly, and material handling equipment. An operation or a control 

procedure to determine how these equipment’s are operated in synchronized fashion to 

increase both capability and capacity of an overall manufacturing system (Shewchuk & 

Moodie 1998). According to Lee et al. (2013), the manufacturing system is defined as a 

5M system, which consist of Material (in form of functions and properties), Methods (to 

gauge efficiency and effectiveness), Machines (representation of capability and capacity), 

Measurements (ensuring control) and Modelling (includes optimization prevention and 

prediction). 

Receive 

material 

Raw material 

preparation 

Primary and secondary 

processing 

Assembly & 

Finishing 

Testing & 

Delivery 
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Maynard (1970) classified the manufacturing and assembly setup into three functions, 

planning, operating and control. The functions are separated or combined according to 

industry requirement. These functions are essential regardless of the organisation. Firstly, 

planning function is considered the most critical function in the manufacturing and the 

assembly process. In the planning phase, the major decisions based on plant layout, 

workflow arrangements, selection of machines and technology are undertaken. Secondly, 

the operating function is achieved through synchronization of both machine and 

personnel skills. The operating function produces products in the required quality of 

specified quality while maintaining the high standards of safety and maintenance. Finally, 

control function generally includes manufacturing and quality control which enable a fast 

response in manufacturing and assembly system and to ensure minimum manufacturing 

and assembly cycle time. (Maynard 1970) 

Testing  

The business dictionary defines testing as “Quality control means by which the capability 

of a manufactured item to meet its specified requirements is determined and documented 

by subjecting the item to a set of operating conditions”. Whereas according to Voas (1994) 

testability is defined as the “The degree to which a system or a component facilitates the 

establishment of test criteria and performance of the test to determine whether the criteria 

have been met”. The purpose of testing a product is described in the literature in many 

ways. The two main reason for testing is to maintain quality and ensure manufacturing 

reliability (Crouch 1999). According to Fournier (2007) testing concept is defined as the 

process executed in order test the right things ,at the right time, to the right level of detail 

in an effective manner to ensure the final solution works as intended. 

The product testing phases can be classified into three major segments in the product life 

cycle as Design verification phase, manufacturing and Maintenance testing phases 

(O’Connor 2005). The design verification test is carried out in the product development 

phase. The main objective of the design verification test is to identify design errors and 

to ensure that the product design meets requirements of performance, durability, and other 

predefined standards. Production testing is concerned with the quality of product built 

during manufacturing. The production testing seeks defects that occur during the 
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production process. Finally, the maintenance testing is carried during the product use. The 

data collected during the maintenance testing phases are used to feed information in the 

organisation for future product test strategies. (O’Connor 2005) 

2.2.3 Logistics process. 

The definition of logistics has been reported in many associated names such as physical 

distribution materials management, product flow, etc. (Rushton et al. 2010). An 

appropriate definition selected for this study is according to Jonsson (2008), where 

logistics defines as “The significant lot of the supply chain management that effectively 

supports the onward and backward movement of goods, services, and information 

between the point of source and point of consumption in order to meet customer 

requirements”. 

Figure 9: General logistics process overview (Modified from Rushton et al. 2010) 

Logistics is described as an open system i.e. logistics as a system is always subjected to 

an exchange of information or material with its surrounding. The distribution system, 

manufacturing system, and material supply system are the subsystems considered within 

the overall logistics system (Jonsson 2008). The distribution systems dictate the nature, 

frequency of shipments and the storage of goods. The distribution can be related to 

organisations downstream process or extend up to customer depending on how the 

customer need is satisfied. From the perspective of logistics, manufacturing system means 

those structures and systems that control the flow materials in the production through 

supplying production resources with information on where and how much is to be 

produced and to ensure access to materials and components. Finally, the purpose of 
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material supply is to supply manufacturing with raw materials and components. (Jonsson 

2008). 

The logistics processes are the methods or the tasks initiated to ensure that the business 

operates effectively so that all the major objectives are achieved (Rushton et al. 2010). 

Some of the key logistics activities or functions of interest are Inbound transportation and 

receiving, Warehousing and stock control, Material handling and Order picking, Outward 

transport and physical distribution, Product returns and Information management (Waters 

2003; Jonsson 2008; Rushton et al. 2010). 

2.3 Overall supply chain process objectives and Key Performance 

Indicators (KPI) 

Supply chain management (SCM) provides the organisation with an effective way of 

allowing organisations to deliver products and services to both internal and external 

customers in a timelier, active means (Smith et al. 2005). The main objective of supply 

chain management can be divided into short term and long term objective. From a short-

term point of view, the primary objective SCM is to increase productivity along with 

reducing inventory and cycle time. While long-term objectives focus on increasing the 

customer satisfaction, overall bottom line and market shares (Tan et al. 1998). Both these 

long term and short objectives are achieved by effective management by considering 

overall supply chain goals and metrics (Gunasekaran et al. 2001).According to Chen and 

Paulraj (2004), the overall performance of the supply chain is improved by measuring the 

supply chain performance. The different traditional approaches to measure supply chain 

process as found in the literature are listed below. 
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Table 1: Categorized performance Measure (Modified from Shepherd and Günter 2010) 

Performance Measure  Literature reference  Metric Examples  

Quality, Time, Financial Frazelle, 2001 Quality : Information  accuracy, 
Time : Supplier lead time, Financial 
or Cost  : Warehouse cost, Non-
Financial : Effectiveness, Delivery : 
On time Delivery, Flexibility: Supply 
Chain Responsiveness, Resource 
Utilization: labour productivity, 
Supply chain collaboration 
efficiency: Supplier partnership 
level, Coordination efficiency: Data 
sharing Efficiency ,Configuration: 
Product mix, Input: Raw material, 
Output: Finished Goods, Strategic: 
Customer needs, Operational: 
Scrap level, Tactical: purchase order 
cycle time  

Financial, Non-financial Gunasekaran, 2001 

Quality, Cost, Delivery, Flexibility  Schönsleben, 2004 

Cost, Quality, Resource 
utilization, Flexibility, Visibility, 
trust, Innovativeness 

Chan , 2003 

Resources, output, flexibility  Beamon, 1999 

Supply chain collaboration 
efficiency, Coordination 
efficiency, Configuration 

Hieber, 2002 

Input, Output, Composite 
measure  

Chan and Qi, 2003 

Strategic, Operational, tactical Gunasekaran, 2001 

 

Further, these metrics are associated with four basic links that constitute the supply chain 

according to the Supply chain operations reference (SCOR) model (Gunasekaran, .et al 

2001, Chae 2009). These metrics grouped into four Meta level processes as Plan, Source, 

Make, and Deliver. The alignment of the metrics according to these stages are depicted 

in the fig (10). 

Figure 10: Measures and metrics at four basic links in a supply chain (Modified from 

Gunasekaran, .et al 2001) 

2.3.1 Supply management overall objectives and performance indicators 

The supply management influences both the operational and financial performance of an 

organisation largely (Saranga et al. 2010). The general objectives of the supply 

management are to ensure operation of the company by providing an economic supply of 
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goods and services and contribute directly to the profit of the organisation by managing 

the flow of money passing through each procurement operation (Pooler et al. 2012). 

According to Burt et al. (1996) from a top managerial perspective, the general objectives 

have traditionally been expressed as the five rights that the management expects the 

department to achieve from the supply management during procurement of goods and 

services, i.e. the acquired material or supply is `of the right quality ´ `From the right 

supplier ´`in the right quantity ´`At the right time ´`At the right price ´. (Burt et al. 1996) 

The detailed objectives of the supply management and the relevant key performance 

indicators are listed below. 

1. To obtain goods and services with the best quality at a minimum cost  (Pooler et 

al. 2012).The purchase price cost reduction may be achieved by negotiation of fair 

purchase price relative to suppliers actual cost (Burt et al. 1996). The most 

common types of activities involve developing materials standardization program, 

furcating future prices and general business conditions, performing make or buy 

analysis and ensuring effective information from suppliers regarding new 

materials, processes, prices and material availability. (Burt et al. 1996) 

 Total cost savings: The combined amount of money the supply management 

saves by reducing the Total cost of ownership .The metric results in the 

financial success of department. (Huang et al. 2007) 

 Cost Avoidance: Cost Avoidance metrics enables the buyer to spend lower on 

procured materials compared to what otherwise spending requirements would 

be. This measure can also indicate the effectiveness of the negotiations carried 

to achieve the required cost reduction (Huang et al. 2007). 

 Defects per million: These metrics is to gauge supplier delivery quality, which 

in return allows making effective sourcing decision (Dasgupta 2003). 

 Percentage of order error rate:  number of the purchase order with errors 

divided by total number of the purchase order in a given period of time (Kumar 

et al. 2005; Chao et al. 1993). 

 Material Non-Acceptance rate: The total number of instances in which 

suppliers or raw materials are refused by the company due to an error in 

shipments or defects (Kumar et al. 2005 ; Axelsson et al. 2002). 
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 Material Acceptance rate:  The amount of material received from the suppliers 

that are approved for use by the organisation on the first pass (Hwang .et al 

2008). 

 Buyer–supplier partnership level: The level mutual collaboration and trust 

existing between the supplier and the buyer (Bhagwat et al. 2007). 

 Percentage of qualified and certified suppliers: The number of suppliers that 

qualified and certified divided by the total number of suppliers being used 

(Hwang et al. 2008). 

 Total Number of suppliers used: The total number of suppliers used by the 

company. The metric denotes the current state of supplier association from the 

previously targeted period. This metric drives the efficiency of the supply 

management organisation.(Easton.et al. 2002 ; Axelsson et al. 2002) 

 

2. To enable delivery of supplies at the right time to the right internal customer 

(Manufacturing ,Engineering and technical groups, Research and development) 

 Perfect order fulfilment : the percentage of orders delivered with the right 

product to the right place, at the right time, in the right condition, in the right 

quantity, with the right documentation, to the right customer.(Hwang.et al 

2008) 

 Cycle Time: Supplier order delivery: The number of business days required to 

complete a delivery of materials from suppliers, from the time order is placed 

until the materials are delivered (Bhagwat et al. 2007). 

 On–time supplier delivery rate: The total number of orders received from a 

supplier on the committed delivery date divided by the total number of order 

(Hwang et al. 2008; Bhagwat et al. 2007; Chao et al. 1993). 

 Material Availability: the total number of orders from the customer or 

company manufacturing facilities that are delayed because of insufficient or 

unavailable material in company inventory divided by a total number of orders 

processed in a given period of time, as a percentage. (Hwang et al. 2008) 

 

3. To develop dependable and effective supply base and maintain a relationship with 

suppliers. (Pooler et al. 2012). This includes identification, investigation, 

selection, and development of competent and responsive suppliers. The 
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achievement of dependable supply base is impossible if the mutually satisfactory 

continuing relationship is not maintained. (Burt et al. 1996) 

 Buyer–supplier partnership level: The metric defined as same as above 

 Total Number of suppliers used: The metric defined as same as above 

 Percentage of qualified and certified suppliers: The metric defined as same as 

above  

 Cycle Time: Supplier order delivery: The number of business days required to 

complete a delivery of materials from suppliers, from the time order is placed 

until the materials are delivered (Bhagwat et al. 2007). 

 Percentage of Sole source Supplier: The total number of suppliers used by the 

organisation that is exclusive suppliers, divided by a total number of suppliers 

in a given period. 

 Percentage of Sole source Material: The amount of material received from 

exclusive supplier divided by total amount of materials used. 

 Defects per million: The metric defined as same as above 

 

4. To support the company operation with an uninterrupted flow of materials by 

facilitating coordination and control of the supply activities. (Burt et al. 1996). To 

maintain optimized volume of supplies (inventory) and to be consistent with 

company needs. (Pooler et al. 2012).The supply management job is to achieve a 

reasonable balance between the level of inventory required to support operation 

and the cost of carrying the inventory.(Burt et al. 1996) 

 Inventory Turnover rate: The average number of days required to sell and 

replace the company’s inventory, from the time the inventory is replenished 

to until it is depleted (Gunasekaran .et al 2001; Hwang.et al 2008). 

 Inventory Accuracy: the difference between reported and actual inventory 

levels as a percentage (Gunasekaran et al. 2001; Hwang et al. 2008). 

 Supplier Fill Rate: The metric indicates the quantity of supply received from 

supplier to the required quantity of the order. The metric is focused on the 

reliability measure of the supply base (Huang et al. 2007). 

 

5. To optimize supplier performance by providing improvement inputs to external 

partners. (Pooler et al. 2012) 
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 Buyer–supplier partnership level: The metric defined as same as above  

 Quality cost per supplier :  the metric indicate the cost associated with quality 

of the product or services received from the supplier , the cost can be further 

divided to cost associated with defects found after or before  receiving the 

supply and the cost incurred during determination of conformance of the 

product quality or defect prevention (Youssef et al. 1995). 

 Supplier Fill Rate: The metric defined as same as above 

 Supplier order documentation accuracy rate: The total number of supplier 

order received with complete and correct documentation divided by total 

number supplier orders received over a same period of time.(Hwang et al. 

2008 ; Gunasekaran et al. 2001) 

 

6. To improve product value through identification of effective materials and 

components. (Pooler et al. 2012).Involves a continual search for better values that 

yield the best combination of quality, service, and price relative to the buyer 

needs. (Burt et al. 1996) 

 Defects per million: The metric defined as same as above  

 Quality cost per supplier :  The metric defined as same as above 

 Material Acceptance rate:  The metric defined as same as above 

 

7. To ensure productivity of the supply management resources. (Pooler et al. 2012). 

The productivity of the supply management recourses is through continuous 

examination of purchasing process for possibilities to streamline it and enhance 

its value added capabilities. (Burt et al. 1996)  

 The frequency of supplier Evaluation:  The average number of business days 

elapsed between formal supplier evaluations performed over a certain period 

(Kumar et al. 2005; Axelsson et al. 2002). 

 Average Number of Orders Processed: the metric indicates the average 

number of orders processed by an employee or the organisation as whole in 

given period. The metric is an internal metric which indicates the level 

productivity of the resources in the supply management (Weele  2009) 

 Supplier order documentation accuracy rate: The metric defined as same as 

above. 
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2.3.2 Manufacturing and testing overall objectives and performance indicators 

The primary objective of any manufacturing, assembly, and testing setup is to convert 

design into products with desired functions quickly in lowest cost and highest quality to 

achieve maximum profit. In a manufacturing system, this can be achieved by increasing 

the product value through effective manufacturing systems (Hitomi 1996). The most 

sought after manufacturing and assembly objectives according to Gilgeous (1999) is to 

confirm maximized cost effectiveness, quality, delivery and flexibility in the 

manufacturing and assembly system. According to Hopp and spearman (1996), the high 

profitability of the manufacturing system achieved through short cycle time, optimized 

variability, low resource or capacity utilization. From the testing point of view, Davis 

(1994) claims that the general objective of product testing process is to detect all possible 

defects in the first test attempt. This is done by achieving larger test coverage and 

minimized process variation. The objectives from the manufacturing and assembly are 

listed below 

Manufacturing (Processing and Assembly) 

1. To ensure minimum manufacturing and assembly cost by reducing direct cost 

attributed to material and labour or through a reduction in the indirect cost of 

facilities and services (Gilgeous 1999). 

 Total Manufacturing Cost per Unit: The metric indicate the amount of cost 

occurred to produce one specific unit. It is the ratio of total cost in terms of 

materials labour and other overheads to the number of units of the products 

produced (Humphreys 2004). 

 Total Cost of assembly: The total amount of cost incurred to assemble a 

product. The metric is the summation of the cost of material, labour or 

equipment, the number of operations and process efficiency (Janusz & 

Kapliński 2005). 

2. To enhance the product quality by contributing directly to the product or to the 

services such as quality control. (Gilgeous 1999)  
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 Percentage manufacturing yield: The measure indicates the ratio of number 

defective manufactured products to the total number of products manufactured 

in given period of time (Huang & Keskar 2007). 

 The cost of rework and delays: The metric indicates the cost incurred by the 

organisation during rework or unforeseen delay during manufacturing. The 

cost may be associated with labour or equipment spend in rework of a defect. 

(Nord et al. 2012). 

 Percentage of assembly defects: A quality metric which measures the 

percentage defects in assembly for given set of product quantity. The defects 

relate to the fit and finish of the assembly or integrity of electrical connections 

(MacDuffie et al. 1996). 

 Schedule or production attainment: A metric that indicates the percentage of 

time target achieved as per the designated manufacturing plan or specified 

schedule (Rao et al. 2011). 

 

3. To ensure minimum manufacturing and assembly cycle time, by influencing 

shipment, inventory turnover rates and individual part manufacturing and 

assembly cycle times (Hopp & Spearman 1996; Gilgeous 1999). From the product 

assembly point of view minimization of assembly time and training time with 

manual assembly by ensuring high repeat frequency of assembly procedures and 

implementation of simple and reliable assembly setups (Lotter 2013). 

 Manufacturing cycle time: A time based metric to evaluate the pace of 

manufacturing process, from the time the requested release to the 

manufacturing to the deliver finished parts or component for assembly 

(Gunasekaran et al. 2001). 

 Time to make changeovers: Measures the time spent in the manufacturing line 

to switch operation in manufacturing assembly from making the same or 

multiple products (Saha et al. 2016) 

 Assembly efficiency: the metric is the ratio of the difference of ideal assembly 

time and time spent during rework after assembly to the total available time 

excluding the planned stop times and unused assembly time (Petersson 2000). 
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4. Adequate utilization manufacturing equipment and machinery through adapting 

to of existing resources or through the effective addition of new equipment to 

harmonize with sales commitment and manufacturing schedules (Maynard 1970). 

 Overall equipment effectiveness: It is a multi-dimensional metric, which is a 

multiplier of the equipment availability, performance, and quality output. It is 

used to indicate the effectiveness of the manufacturing or assembly equipment 

or entire manufacturing and assembly system (Dal et al. 2000) 

 Throughput: Measures the number products manufactured or assembled in 

equipment or manufacturing line or a unit in specified time (Zheng et al. 2008) 

 

5. Effectively manage material utilization by setting goals with respect to order 

quantity, yield and turnover rates. (Maynard  1970) 

 Inventory turnover rates: The metric is the ratio of a number of times the 

inventory sold and replaced over a period. Also defined in terms of cost as the 

total cost of goods sold divided by the value of inventory carried in a defined 

period (Huang & Keskar 2007). 

 

6. Efficient utilization of workforce and other manufacturing services and facilities. 

(Maynard  1970) 

 Process capability: The metric indicates the maturity of the manufacturing, 

assembly, and other equipment’s in terms of capability to execute product 

requirements (Huang & Keskar 2007). 

 Productivity in revenue per employee: Metric indicates the amount of revenue 

generated for given number employees. It is the ratio of revenue generated by 

a plant or unit to the strength of the workforce (Wolf 2016). 

 Capacity Utilization: The metric indicates the manufacturing resource 

capacity utilised in a given period. The capacity can be labour, equipment or 

other facilities (Gunasekaran et al. 2004). 

Testing  

 

7. To have a high throughput and low overhead, or low cost of test (Schaub & Kelly, 

2004). The testing cost depends on the product complexity and technology (Davis 
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1994). The testing cost reduces by to greater extend when the existing testing 

process can accommodate a larger variety of products. 

 The cost of testing: the percentage of cost incurred during product testing as a 

percentage of overall project cost (Ramler & Wolfmaier 2006).the test cost 

includes the cost of equipment’s, material or facilities and relevant resources 

(Thomke & Bell 2001). 

 Throughput yield: the measure represents the defect-free units at the end of 

the testing processes to an original number of pieces involved in the testing 

process. The metric indicates the efficiency of testing procedures and 

equipment. If the yield value is high, it indicates that the testing procedures 

are reliable otherwise required actions for improving testing reliability is 

carried out before mass production. (Nilsson & Hallberg 1997) 

 

8. To reduce the testing lead-time, the testing time can be reduced to larger extend 

through automation, and simplifying of test procedures and cases. (Boumen et al. 

2006) 

 Test time: The metric indicates the time was taken or time duration to test the 

entire product. The product testing time significantly influences the product 

cost and time to market (Ruberto et al. 2006) 

 

9. To achieve a high level of fault coverage or test quality and the ability to address 

the source of defects entirely at the first attempt of testing .This is usually achieved 

by enabling maximized testability and accessibility of the testing equipment to 

ensure that the testing setup is compatible with the tested product (Davis 1995; 

Scheiber 2001). 

 Fault spectrum coverage: the metric indicates the quality of the testing 

process. It is the measure of rating each component of a product against the 

capability of testing or the inspection process (Beurze et al. 1999). 

 Testing facility utilization: A quantitative metric, which measures the 

utilization of the testing tools and environment. Depending on utilization 

value, a decision on buying new tools or leasing the same is decided (Choi & 

Ko 2010). 
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 Number of product per test system available for test: Measures the capacity of 

the testing system. higher the capacity better the system productivity and 

minimum testing time and cost  (Wang & Knight 2002) 

2.3.3 Logistics overall objectives and performance indicators 

Some of the success factors that contribute to an effective logistics system are to provide 

reliable and responsive efficient service through short delivery times and a large area of 

distribution capability (Waters 2003). According to Jonsson (2008), the purpose of 

logistics is to harness competitiveness by improving the organisation's effectiveness to 

affect the final bottom line of the company. Wouters and Wilderom (2008) emphasizes 

on four objectives to achieve logistics excellence i.e. customer satisfaction, supply chain 

efficiency, continuous innovation, continuous learning. Daugherty and Bowersox (1987) 

argues that the overall organisational strategy is oriented towards three main aspects of 

logistics strategy namely process, market and information strategy. An extract of 

important logistics objectives and their relevant key performance indicators of interest as 

defined by Jonsson (2008) is described below. 

1. To create good customer service in order to increase logistics revenue, through 

efficient customer contact and delivery of product by supplying information on 

material flows and other services (Jonsson 2008). 

 Customer Backorder rate: the number of customer order delayed in shipment 

due to the product being out of stock divided by the total orders made in a 

given period as a percentage (Fawcett & Cooper 1998). 

 Average Delivery time: it the ratio between the time taken for the shipment to 

arrive at its destination from the facility to a total number of shipments in 

given period (Fischmann et al. 2008). 

 On time arrivals or delivery: The metric indicates the percentage of a shipment 

arriving on time on a pre-specified arrival date to the number of shipments 

(Fawcett & Cooper 1998). 

 Delivery consistency: the metric compares the average transit time of 

shipments to the promised transit time. The deviation from promised and 
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actual transit times indicate the level of consistency in delivery (Coyle et al. 

2016) 

 Information accuracy: Measures indicate the efficiency in data sharing 

between customer and logistics function, these metric indicate the percentage 

of data synchronization, data accuracy, invoice accuracy, etc. (Kelepouris et 

al. 2006) 

 

2. To minimize cost in the overall physical distribution of the product, the logistics 

system influences a number cost items during the product delivery.  The main 

purpose of the logistics team is to ensure the efficient operation of logistics 

resources at minimum expenditure. In addition, the objective to ensure a low level 

of tied up capital; this makes certain by optimizing the supply and reconciling the 

conflicting goals (Kachwala & Mukherjee 2009). The low level of tied capital is 

maintained by on time delivery and uninterrupted flow materials resulting in 

lower capital tied up in accounts receivable. 

 Total logistics cost: the metric indicates the total cost incurred in movement, 

handling, and warehousing of the goods in the logistics system. (Laird 2012) 

 Shortage and delay cost. The metric indicates the cost incurred by the 

organisation due to delay and shortage of materials (Annadurai 2013). 

 

3. To ensure agility, flexibility, and ability to adapt to rapid external changes in the 

product delivery. The delivery flexibility of the logistics system has an indirect 

influence on service level and overall logistics cost. Delivery flexibility is the 

ability to make changes in delivery to adapt to customer changing needs. In 

addition to adapting to the customer needs, it is also essential for the logistics 

system to maintain a high level of product and volume flexibility. The product 

flexibility is the ability of logistics existing capacity, and volume flexibility is the 

ability to rapidly increase decrease delivery volumes. 

 Average Delivery time: it the ratio between the time taken for the shipment to 

arrive at its destination from the facility to a total number of shipments in 

given period (Fischmann et al. 2008). 
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 Throughput time. The metric indicate the duration of time taken to carry a 

particular or set of operations to deliver the product to the customer 

(Gunasekaran et al. 2001). 

 Upside delivery flexibility:  the metric indicates the time elapsed in days 

between unplanned event and achievement of continuous delivery 

performance (Huang 2013). 

 Capacity utilization: the metric indicates the portion of the designed logistics 

capacity that is utilised during product delivery. The designed capacity varies 

for different logistics system (Waters 2003). 

 

4. To ensure short and reliable delivery times, the focus on time is central to logistics 

system and influences other performance variables. Longer delivery can result in 

larger tied up capital and cost and will take longer to react to changes to customer 

requirements. In order to ensure short delivery times, throughput and setup times 

must as short as possible. Shorter delivery times can also ensure larger flexibility 

in the product delivery since faster it is faster and less costly to make changes in 

orders already accepted. 

 Average Delivery time: The metric defined as same as above 

 Throughput time: The metric defined as same as above. 

 

5. To enhance the total productivity of the resources in the logistics system, it is 

essential in any logistics system to achieve maximum output from the given set of 

resources. The productivity advantage is acquired through maximizing utilization 

of resources by offering products at lowest possible cost. (Waters 2003) 

 Total productivity: The measure indicates the ratio of total logistics lead-time 

in product delivery to a total number of resources used, the unit is indicated in 

terms monetary value. (Waters 2003) 

 Equipment productivity: The measure specifies the utilization rate of logistics 

equipment used in the product delivery, it can indicate either transportation or 

any other material handling equipment productivity, such as a number of 

customer visit per van, and weight moved per forklift, total distance flew per 

airplane. (Waters 2003) 
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 Capital productivity: The measure indicates the output of the logistics system 

to total capital invested, such as a number of goods stored, product delivered, 

and throughput per each monetary unit of investment. (Waters 2003) 

 Labour productivity:  it measure one or more activity of logistics to the total 

personnel’s available, such as number of product deliveries per person, or tons 

moved per work shift, etc. (Waters 2003) 

 

6. To ensure quality in the delivery of products. Apart from improving delivery 

quality, the logistics system is focused also on the constantly seeking ways to 

reduce cost, eliminate inefficiencies and improve customer service. From logistics 

system point of view, the quality of delivery is of utmost important since 

reworking on a customer order as a result of incorrect shipment is far more 

expensive than achieving the right delivery in the first time  

 Number of customer returns: the total number of goods returned by the 

customer due to defects or quality issues. A logistics quality metric that 

indirectly indicates the customer service level. The target is to have zero 

number of customer returns (Lalonde & Pohlen 1996). 

 Shipping accuracy: the measure is the ratio of the number of deliveries that 

have the correct products, quantities to the total number of deliveries done in 

a given period (Ross & Rogers 1996).  

 No of defects during transit: The metric indicates the total number of defects 

per shipments. The goal is to achieve zero defects in all the shipments. 

 Information accuracy: The metric defined as same as above. 

2.4 Design for excellence  

This section of the review addresses the literature findings on the second and third portion 

of the proposed supply chain process framework. The study reports on the basics of design 

for excellence (DFX) and its approach to product development process. Further the study 

is continued on the aspects of product design guidelines and design metrics for all the 

three supply chain process, which is supply management, manufacturing & testing, and 

logistics process.  
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2.4.1 Rapid product development and integration of DFX concept  

From all the above-mentioned issues this thesis identifies, how the concept of Design for 

Excellence or DFX support RaDe. Design for Excellence is a product design concept 

which supports in setting up the requirements to the product design from the business 

processes point of view prior to the product development. DFX developed from the 

recognition that design decisions affects every subsequent stage of the product lifecycle, 

through development and beyond. The idea behind the DFX technique is to address 

potential design issues earlier in the development phase to support the existing supply 

chain process. (Holt & Barnes, 2009) 

As mentioned earlier, there can be no changes to the existing supply chain process for 

RaDe projects since product-specific process changes in the existing supply chain like a 

requirement for new manufacturing or testing technologies and introduce new suppliers 

will add the cost and time for the product development and is out of RaDe’s scope. The 

idea of the DFX product design concept is to provide product design guidelines for 

minimizing the cost of business processes, possible changes in them due to product design 

and to ensure product design fit for a short time to market (Barbosa & Carvalho, 2014). 

The objective of DFX criteria is to point out the product developers during the 

development process, which methods are to apply at what time to achieve an optimum 

workflow in terms of result and efficiency (Bauer & Paetzold, 2006) 

2.4.2 Supply chain process and product development process 

Supply chain management involves the entire value chain and addresses the material and 

supply management from the extraction of raw material to its end of useful life. The 

supply chain management encompasses activities such as planning, product design, and 

development, sourcing, manufacturing, assembly, transportation, warehousing, 

distribution and post-delivery customer support  (Tan  2001).According to (Kim 2006) 

supply, chain management is defined as a pattern of decisions related to sourcing 

products, capacity planning and conversion and distribution of finished products. 

(Pero et.al. 2010) summaries the close relationship between supply chain management 

and product development, since supply chain produces and distributes the product defined 
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by development activity. (Van Hoek & Chapman, 2006) describes that product 

development and supply chain alignment enhances the effectiveness of product 

introduction and improves firms overall performance. The alignment of the New Product 

Development-Supply Chain Management is achieved either through aligning the product 

to the supply chain or aligning the supply chain to the development activity (Pero et al. 

2010). The RaDe type of projects as mentioned earlier demands more of an NPD oriented 

approach since the altering the supply chain structure is out of the RaDe scope, and the 

NPD-oriented approach anticipates the supply chain constraints at the early stages of 

product development (Pero et al. 2010). The focus in RaDe type of projects is to align the 

product design to the existing supply chain structure or adjust to “Design for supply 

chain” methodology. Design for supply chain management (DFSCM) concept dictates 

that the product is designed in such way that the noteworthy supply chain cost and 

performance are optimized (Lee & Sasser, 1995). 

The emphasis on product design to adapt the existing supply chain is recognized as a 

major factor in effective supply chain management in high tech companies (Lee & Sasser 

1995). (Crippa et al. 2016) maintains that supply chain capability decisions are based on 

the product features defined during product development stage and affects the supply 

chain performance. The supply chain performance is maximized when an alignment 

between product features and supply chain features are established. (Pero et al. 2010) 

claims that large portion of the supply chain cost depends on the product design decisions 

and the magnitude of the effect of product design on the supply chain depends on the 

adequate choice of the supply chain practices. Product design decisions models to align 

the product design to the supply chain are based on either the bill of materials (BOM) or 

the product architecture (Pero et al. 2010).  

2.4.3 Introduction to Design for excellence  

DFX is a multi-disciplinary product development approach to counter the growing market 

competition and product complexity. DFX approach enables initiatives of cost savings, 

shortened product life cycles, and in enhancing customer satisfaction (Holt & Barnes 

2010, Barbosa et al. 2013). According to Gatenby and Foo (1990), DFX is a practice or 

philosophy to ensure product quality, reduction in time to market and overall lifecycle 

cost. 
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The focus on product development process as a key driver to ensure product 

competitiveness in the present globalized market has been large in recent years 

(Humphreys et al. 2007), as a result the product development strategies which reduce cost 

and compress lead time at each stage of the product development process have placed a 

larger responsibility on designers to ensure downstream constructive product design that 

simplifies product lifecycle flow (Holt & Barnes 2010). Design for X is a method that 

helps the designers to include and manage all the competing needs of the product across 

its life cycle (Bralla 1996). 

The emphasis of DFX method is to consider product design aspects earlier in the product 

development phase, this to drastically minimize product development lead time and 

overall life cycle cost (Gatenby & Foo 1990, Barbosa & Carvalho 2014). According to 

Barton et al. (2001), the product design determines around 70% of overall product 

lifecycle cost, and it is important to influence the product design earlier stages to achieve 

overall cost savings.  Barbosa and Carvalho (2014) states the importance of DFX 

practices in product lead time reduction by elimination of design and manufacturing  

rework at different development stages fig (11). 

 

Figure 11: Time reduction due to DFX concepts on design (Modified from Barbosa and 

Carvalho 2014) 

As the name suggest the idea of DFX is to design a product for ‘X’. The ‘X’ in DFX can 

have two meaning (1) all the desirable factors that a product should have. (2) Excellence 

and completeness of design (Bralla 1996).According to Holt and Barnes (2010) ‘X’ stands 

for (1) specific life phase such as Assembly, manufacturing, service, disassembly and 
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recycling (2) specific virtue the product should possess such as quality, reliability, 

environment, logistics, maintainability, safety, Remanufacturing and user friendliness.  

Although the above phases and virtue are mentioned in an isolated way, DFX techniques 

are usually applied in a more integrated and holistic manner. All DFX factors have erratic 

level of interrelations between them for e.g. the design for manufacturing aspects are 

affected to an extent by design for assembly issues (Chiu et al. 2011) Apart from the 

above-mentioned life phases and virtue point of view the latest trends in DFX is also 

focused on design for value, which is a systematic approach for identification of users life 

cycle requirement, Human factor engineering, and intelligence in DFX systems are 

studied (Kuo et al. 2001). Dombrowski and Schmidt (2013) gives an overview of DFX 

approaches and their impact at various stages of product life cycle Fig (12). According to 

Dombrowski and Schmidt (2013) the requirement from each of the life cycle and virtue 

phases are integrated earlier in the product design to achieve the appropriate benefit from 

each of these phases later in different product life cycle stages.  

 

Figure 12: Classification of DFX impact in later product life cycle stages (Modified from 

Dombrowski and Schmidt 2013) 

DFX and product development  

According to Majava et al. (2014), DFX is considered as a method or tool that precisely 

address the needs of all the internal stakeholders of the product development process. The 

role DFX is to ensure that the needs of the supply chain are taken into account during 

product development (Lehto et al. 2011). Bralla (1996) highlights that DFX should be 
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supported through each phase of the product lifecycle. DFX method demands a cross-

functional product development team to effectively put the DFX principles into practice 

(Tichem 1997, Aurich et al. 2006). 

 

Figure 13: Linkage between DFX disciplines and product life cycle (Modified from Lehto 

et al. 2011) 

The process of DFX involvement in product lifecycle phases is described in three ways 

(Mottonen et al. 2009). (a) Typically each lifecycle departments such as manufacturing, 

sales, etc. These departments are associated with their respective DFX disciplines, which 

provides organisational knowledge and requirement to DFX management organisation. 

The DFX organisation coordinates each DFX disciplines and communicates their need to 

the product development teams. (b) The needs are communicated in the form of 

guidelines and/or metrics to the development team. The designer's design products that 

fulfil individual requirements by adhering to the specific guidelines or metrics provided 

by each discipline. (c)  The design is then released to product development and ramp up 

activities where the benefits of DFX practices are realized and are documented for further 

reference. 

The most interesting approach of DFX in the product development setup is identified by 

Whitney (2004), Whitney divides the DFX approach two separate categories i.e. smaller 

DFX and larger DFX. Smaller DFX approach is confined to improving single or 

individual parts of the product such as rules and procedure for the orienting, feeding, and 

insertion of discrete parts. DFX at large is involves considering the product as whole or 

provides a holistic product design approach rather than dividing it into individual parts , 

here the product is optimized from the factory or supply chain , product lifecycle point of 



 

 

41 

view . DFX at large focuses on product structure, modularity, and overall functional 

aspects. In this thesis, the DFX at large approach is considered.  

Design for X Tools  

According to Huang (1996b), a tool defines its focus clearly, handles minimum data, and 

provides a perfect balance between discipline and creativity in more consistent and 

interactive way. Chiu and Kremer (2011) have listed down five tools that support DFX at 

various phases of product development a short description of various tools are mentioned 

below. 

 Guidelines: Arrange for the course and thoughts to be followed during the design 

phases. Guidelines can be represented in a more specific or generalized manner. 

Guidelines are traditionally used DFX knowledge storing. 

 Checklist: Provides the list of items that require, through a ‘yes’ or ‘no’ response, 

it gives a brief detail of the mandatory things to be done. Usually, the checklist is 

presented in qualitative terms.   

 Metrics: These tools are a combination of both guidelines and checklist and are 

usually represented as a quantitative term. These metrics quantify the performance 

of the design content. 

 Mathematical models: These tools involve validated mathematical equation and 

formulas. These models considered a numerical variable to produce accurate 

results. 

 Methods: A method tool encompasses a systematic structure and procedure in 

order to verify the design content. 

Apart from the above-mentioned tools, DFX tools share from other common engineering 

tools like FMEA, QFD, Taguchi method, etc. other DFX tools relate to analysing root 

causes (root cause analysis) , prioritizing guidelines (Meta methodology) and enabling 

organisational collaboration. Computer aided software, CAD (Computer Aided design) 

tools in specific are used in design optimisation and suggestion of other product design 

alternatives and DFX tools often act as an extension to these computer software tools. 
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2.4.4 Product design guidelines  

DFX is distinguished generally as guidelines in practice. Guidelines act as knowledge 

vault of design decisions that eases downstream product design effort. DFX guidelines 

control, improve or invent precise product characters through generating and applying 

technical knowledge (Osorio et al. 2014). Thus, design guidelines enable the 

transformation of non-concrete product design knowledge to a systematic procedural 

knowledge of implementing new product design (Bralla 2000, Roller & Dalakakis 2004). 

The DFX guidelines represent itself in the form of simple qualitative sentences such as 

“minimize the number of parts” or in the form of pictorial representations as used design 

for manufacturing or assembly methodologies. According to Bralla (2006), Design 

guidelines provides Dos and DONTs , which are a qualitative list that allows the designers 

to take appropriate design decisions to optimize downstream organisation effort and 

thereby improving the alignment of the product design to other departments. Guidelines 

are simple and efficient but rely on designer and his insight. Guidelines suggest designers 

the right actions to consider with focus on requirements from each downstream 

department (manufacturing, logistics, etc.)In addition, it heavily depends on designer’s 

intuition (Domeshek & Kolodner 1993).  

2.4.5 Product design guidelines for supply management 

Design for Supply management. 

As mentioned, earlier the supply management or procurement plays an important role in 

deciding the future opportunities and growth of the company (Weele 2005). Design for 

supply management or design for procurement (DFSM or DFP) belong to a broader area 

of design for supply chain and some of the DFX disciplines takes into account 

procurement operation to some extent such as Design for logistics (DFL), Design for cost 

(DFC), Design for Quality (DFQ), etc. (Pulkkinen et al. 2012) . DFSM or DFP  is a notion 

applied by the procurement professionals to enrich new product design through 

procurement activities and the design for supply management allows the performance 

improvement of short term NPD and long-term product financial and environmental 

facets (Brewer & Arnette 2016).  
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The main goal of DFSM is to enable the knowledge of procurement activities to the 

product designers since the product design decisions can influence the complexity of the 

procurement operation in a drastic way. This demands a greater coordination between 

design and procurement teams to improve both development and procurement process 

(Pulkkinen et al. 2012). 

Design guidelines for supply management    

Design for supply management guidelines has not received attention greatly in the 

literature. The research on DFSM guidelines are limited and the same with respect to 

NPD activities are not vast (Brewer & Arnette 2016). According to Pulkkinen et al. 

(2012), the ease of procurement function is concerned with two factors, the concept of 

supplier partnership and product structure criteria.  

Supplier partnership 

Partnership or alliances are the relationship between two or more parties to share benefits 

and burden of a business venture (Cooper & Gardner 1993). A strategic partnership 

enables to create a better solution and is one of the best ways to enhance product 

development performance in terms productivity, lead-time, and product quality (Van 

Echtelt et al. 2008, Swink et al. 2011). A superior procedure to create lasting partnership 

based on trust between the company and supplier is accomplished through partnership 

sourcing (Parker & Hartley 1997). 

The competitive pressure of designing new products frequently have demanded 

accomplishment of cross-cultural teams that even include suppliers, to voice the 

manufacturing concerns of the design. The involvement of suppliers in the product design 

teams have empowered access to detailed technical knowledge and avoided the 

replication of the same expertise in buyer’s organisation (Liker et al. 1996). Dowlatshahi, 

(1992) emphasis on the benefits of early supplier involvement in terms of reduction of 

lead times, avoiding effort duplication and improving financial benefits. Therefore, 

supplier involvement is essential for successful product design, which in turn stresses a 

requirement of high level of partnership with the buyer and the supplier (Nielson 1998).  
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According to Brewer and Arnette (2016), the procurement lead times play an important 

role in the overall product market lead-time and most of the time is consumed in the 

supply management activity is in supplier selection. Apart from the time, the involvement 

of significant amount resources is also required to maintain a long-lasting supplier 

relationship (Zsidisin & Ellram 2001). Therefore leveraging existing supplier base 

reduces the time and resource requirement and is essential to influence the designers to 

select components and subsystem that is sourced through existing supply base (Brewer & 

Arnette 2016). 

Every link of the supply chain is associated with both predictable and unpredictable 

disruptions, in order to mitigate these situations it is important to manage supply chain 

risk through coordination and collaboration with suppliers (Trkman & McCormack 

2009).  According to Yu et al. (2009), it is preferred to have dual sourcing capability with 

one main global supplier and another domestic supplier to confront any unexpected 

external or internal disorders. 

Product structure  

The procurement process is affected by the product development decisions on the kind of 

products produced, the product structure and the strategic partnership and involvement of 

suppliers. According to (Burt & Soukup 1985) the design and purchasing should view 

product design as a joint venture. There are multiple themes where the procurement can 

provide guidance such as the economic and schedule implication on the component or the 

material involved in the product design. 

Even though the variation of parts and components are a major issue in the manufacturing 

scenario, it is of a larger concern for sourcing function. From the supply management 

point of view using standard components can minimize the complexity, cost and 

procurement lead-time over a greater extend (Ulrich 1995).  Similarly, the supply 

management can also influence the product structure to reduce the complexity and 

increase product similarity. The standardization attempt from the supply management 

perspective can reduce purchase risk and improves material availability (Fixson 2005). 
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An additional way of achieving standardization strategy is through product modularity. 

Modularity design is achieved through combining by standard components and sharing 

of similar assembly operations within the product structure. Supply management 

activities are benefited through product modularization. It enables the purchase of 

standard modules instead of individual parts thereby reducing material cost, 

manufacturing time and minimizes the logistics cost (Duray et al. 2000). Component 

reuse is another way to reduce development cost and time (Fixson 2005). This could be 

achieved through configured products, which comprises of standard components and one 

of a kind product (Lehtonen 2007). Pulkkinen et al. (2012) emphasize the fact that if the 

product is one of a kind or unique it can make the procurement function more challenging 

and complex since the purchaser has no prior experience on component and may need to 

spend extra effort to acquire the same with right quality  

2.4.6 Product design guidelines for manufacturing and testing 

As mentioned earlier for the ease of this study the process under consideration is divided 

into Manufacturing, assembly and testing disciplines separately. The respective 

disciplines of DFX are studied distinctly, and their design guidelines are sought from the 

available literature sources. 

Design for Manufacturing and Assembly 

Design for manufacturing (DFM), Design for Assembly (DFA), and Design for 

manufacturing and assembly (DFMA), are all tools or methods to optimize to minimize 

product complexity and enhance the economic aspect of the product design. These 

methods provide a structured approach to design products. The main focus of these 

methods is to align the product design to the existing manufacturing and assembly 

capability and to avoid known glitches in manufacturing scenario (Kremer et al. 2015) 

DFM is a tool to deliver the manufacturing information to the designing processes 

(Gonçalves-Coelho & Mourao 2007). According to Hague et al. (2004), DFM is a 

philosophy or mind-set that uses the manufacturing input at the earliest stages of the 

product design to develop less complex and cost effective designs. DFM allows the 

selection of appropriate manufacturing materials and processes for the parts or 
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components in a product design (Kuo et al. 2001). DFA is a specific design for ‘X’ that 

looks at ways to reduce the overall assembly cost and improve assembly quality (Sass 

2004).DFA is a technique used to reduce part count reduction of a product by providing 

suggestion on other parts which are integrated with multiple functions resulting in high 

technology novelty and low project complexity (Tatikonda & Rosenthal 2000).  

DFMA does not generally specify a particular processes or virtues. Any method or 

technique that simplify the overall product and optimize the manufacturing process can 

be inferred as a DFMA activity. DFMA tools and methods have broad positive 

consequences on the aspects of the product lifecycle including product serviceability and 

maintenance, apart from assembly and manufacturing issues. DFMA is considered an 

alternative method to seek cost reduction through rethinking on the product design to 

eliminate unwanted process and manufacturing costs (Fabricius 2003) 

Design guidelines for Manufacturing and assembly  

As a way to design products in a more fabrication friendly way, several DFMA guidelines 

and methods are available. One of the well-known DFMA guidelines were developed by 

Stoll (1988), the guidelines were in the form of a checklist that represented a structured, 

good design practice statements. A different of approach DFMA design guidelines is 

presented as a combination of a theoretical minimum number of parts and Stoll’s 

guidelines (Lahtinen 2011).  

Guidelines that are more specific are reported in the literature to support the 

manufacturing and assembly aspects separately. Guidelines to reduce the assembly cost 

through optimizing the assembly time by assessing each component ease of insertion and 

handling is reported by Boothroyd and Dewhurst (1987).Warnecke and Bassler (1988) 

developed assembly guidelines based on part ratings; the ratings are given based the 

components functional value. Similarly, Corbett (1987) developed guidelines to reduce 

the number of parts and ensure ease of assembly. From DFM point of view, Kirkland 

(1988) provides design guidelines based on material, manufacturing process selection, 

standardization, and modular design  

Design for Testing  
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Design for Testing (DFT) is a concept that favours designing the product through features 

in the design that enhances the controllability and observability of the product (Maxwell 

2000). According to Binder (1994), Design for testing or testability (DFT) is the strategy 

to maximize the efficiency of product testing in a resource-limited environment. DFT 

enables cost reduction capability in reliability driven scenario and enhanced reliability 

capability in a resource-limited scenario.  

DFT realization occurs through the active participation in product development and test 

engineering early in the design phase, and it is the key element in creating profitability to 

the product (Butler 1999). DFT document utilization happens at very early stage such as 

in a block diagram or concept stage level and include information pertaining various test 

challenges and solution to wide range of product test approaches.  

The two important concept that is applicable for testability of any product is the 

controllability of the input that is fed into product and observability of the output of the 

product under test. Removing obstacles in controlling the input and observing the output 

is the motivation behind DFT (Binder 1994).The categorization of the DFT techniques is 

identified as two notions. The first being ad hoc technique which is unique and applicable 

to single or specific design. A later categorization is a structured approach involving set 

guidelines or rules for the design implementation to support testability (Williams 1982). 

Design guidelines for Testing  

The implementation of DFT guidelines allows a smooth production by achieving optimal 

fault coverage of potential manufacturing defects. The objective of a DFT guideline or 

rules is to reduce the sequential complexity of the assembly and aid in easier testing and 

verification process (Williams 1982).According to Wilkins and Shi (1993), the purpose 

of the DFT guideline is to ensure that the manufactured product is proficiently and 

economically testable.  

From the product design point of view, it is important to identify for the designer to 

identify the testing processes and the constraints involved in the existing testing process. 

Any design that demands new testing capability can lead to a delay in the product 

realization time and is also associated with cost. It is an eminent fact that defects in the 
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form of open circuits in electronic industry or defect in part itself contribute to the major 

cause of product failure. Therefore, it is important for the designers to identify all 

components included in the design to have a low probability of failure rates. Right design 

decisions on the type of components, part dimensions, and the nature of placement in an 

assembly can all contribute to a reduction in failure rates. 

2.4.7 Product design guidelines for logistics 

Design for logistics 

Similar to other DFX disciplines mentioned above, Design for logistics (DFL) is the 

concept pertaining to product design approaches that support the logistics activity of an 

organisation in order to control logistics expenditure and improve the service level (Kao 

2006). DFL promotes product design that facilitates the end customer satisfaction by 

enhancing the availability and responsiveness of the product in a very dynamic 

marketplace (Mather 1992). During the early design phase, it is necessary to examine the 

logistics process, capacity and integrates the requirement of the logistics process into the 

product design to achieve efficiency in component supply and final product delivery (Kao 

2006). 

According to Dowlatshahi (1995), designer’s functional requirement and logistician’s 

objectives must be settled, and conflicting objectives must be converted into an acceptable 

common need in the product development phase in order deliver the right product at the 

right time in the specified quality. Bowersox et al. (2002) emphasise the importance of 

including product packaging, transportation and internal material handling requirements 

in the design process to ensure cost effective and damage free product deliveries. 

Design guidelines for logistics 

The product design guidelines for logistics provides rules and goals in the design that 

need to be adapted to ensure smooth logistics activities .The collaboration  between 

product design and logistics is identified to be in the four areas of the interface a) logistics 

engineering b) manufacturing logistics c) packaging and d) transportation  (Dowlatshahi 

1995). 
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Logistics engineering is concerned with the criteria of design supportability of the product 

throughout its product lifecycle. Logistics engineering involves product design 

consideration to reduce rework and changes in the organisation’s product line and ensure 

accommodation of the design to the existing manufacturing and distribution system. The 

nature of manufacturing processes and activities plays a vital role in dictating the 

opportunities and constraints in the logistics system. The manufacturing strategy of an 

organisation influences the cost, modes of transportation and complexity of the logistics 

operation. The manufacturing production runs and plant location can affect the logistics 

operations cost and ability to deliver on time. 

 Product packaging as logistics requirement is an important feature in deciding product 

image subsequently deciding the profitability of the product. The product design must be 

incorporated into packaging in order to improve product quality and customer 

satisfaction. The product design strategy for manufacturing of different components in 

different locations and their interrelationship can affect the transportation requirement of 

the logistics function. Design for transportability emphasis on designing product taking 

into reflection the economical storage, efficient handling and free of hazards and dangers 

throughout the manufacturing process. 

2.4.8 Product design metrics  

The focus of the final section of the literature review is on design metrics, which 

constitute the third portion of the proposed supply chain process framework. The product 

design metrics guide the product development activity to meet all the favoured 

requirements of cost and delivery efficiency in supply chain operations from the product 

point of view. The decision on the product design aspects such as the product structure or 

type of components included in the product design determines the nature and sequence of 

downstream supply chain operations (Kaski 2002). According to Galbraith and Greene 

(1995), design metrics are variables inherent in the product design that affect the more 

than one product life cycle stages. 

The design guidelines proposed in the earlier sections recommends design alternatives or 

options in the product design that need to be adapted in order achieve efficient specific 

supply chain operations. Nevertheless, it is important to understand how these guidelines 
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influence the product design. The product design metrics helps in quantifying the 

adherence of the product design to the proposed design guidelines. The design metric 

enables improvement of product structure without forsaking the functional requirements 

and enables the opportunity to set goals in the product development projects to monitor 

day-to-day design work (Kaski 2002). 

Product design metrics from supply management point of view  

The supply management contributes to the technical aspects of the design process in 

multiple ways. Some of the key issues where the supply management influence on 

product design are as follows The involvement of the suppliers in the product design and 

their ability to transfer specific design knowledge is very crucial in optimizing the product 

cost and in enhancing the quality level of the product (Wynstra et al. 1998). This idea 

demands the availability of a mature supply base, which then enables the buyer to design 

products based on proved components and to eliminate lead-time in the qualification of 

the part or can assist in increasing the product value (Humphreys et al.  2007; Wasti & 

Liker 1997).This requires the designers to opt for part or component from pre-contracted 

and qualified suppliers (Wallace & Hill 2011).  

It is a known practice in the organisation to have a balanced approach in the number of 

suppliers involved in the procurement activity. A Higher number of suppliers creates an 

inflation of the supply base thereby needing more resources to manage, whereas a single 

supplier’s source can increase the purchase risk for critical components (Trent & 

Monczka 1998, Yu et al. 2009). A specific metric in product design is then required to 

look out these viewpoints. 

Identifying common or substituting parts and components that have a common 

specification in a product design is considered vital in reducing the number of parts in a 

product leading to a reduction of part defects rate. From supply management point of 

view, interchangeable parts help to reduce the number of suppliers, and overall 

procurement cost and Part substitution enhance the flexibility of supply management 

activities (Dowlatshahi 1992). Standardization of parts can also contribute effectively to 

the above concern. Standardization of parts assist in reducing the overall development 
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time, and the availability standard part are much easier compared custom parts or 

components. Similar to standardization procedure, product modularity in the product 

design allows in minimizing part count and long lead times in purchasing (Fernández & 

Kekäle 2005).Supplier collaboration in product design can enable exclusion of non-value 

adding or components that have long unbalanced lead times. Removal of these parts is 

essential for smooth supply.  

 

Product design metrics from manufacturing, assembly & testing point of view 

The decisions on manufacturing or production investment, capacity, and selection of 

manufacturing and assembly processes are dependent on the product structure 

characteristics influenced by the product design decisions. Product decisions on the level 

of part complexity, manufacturability, ease of assembly and part simplification are 

important in attaining higher manufacturing yield and minimizing cost (Fixson 2005). 

Product design metrics in the form of product design measures contribute in monitoring 

these design decision from manufacturing viewpoint (Galbraith & Greene 1995).  

Hammond et al. (1998) in their report suggested those design metrics that support the 

design of re-manufacturable products in the automotive industry. In the survey reported 

the design metrics such as part complexity, ease of assembly are reported to be of greater 

importance for ease manufacturing in the automotive industry. 

Galbraith and Greene (1995) argues that the choices and importance of design metrics in 

manufacturing and how it influences in the selection procedure of future manufacturing 

and assembly systems. The paper discusses three design metrics such as the part density, 

part variety and Automation level and their effect on manufacturing rate and quality 

aspects. It is found that the benefit gained in enabling automation of manufacturing 

system in the product design result in a positive outcome in manufacturing efficiency and 

in delivering defect free products during manufacturing compared to part density and part 

variety. According to Kaski (2002), modularity in the product design is a common method 

to manage product complexity and minimize product variety; this is achieved by creating 

a similarity in the functionality and physical structure. 
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Boer and Logendran (1999) argues the importance of reducing the part count in a product 

to attain minimum number assembly and manufacturing operation thereby reducing the 

associated time and cost. The need for the commonality of the components to minimize 

the product varieties and to distribute the fixed cost in a manufacturing environment 

across larger volumes in consumer was identified by Salvador et al. (2002). To minimize 

the product complexity and ambiguity in the manufacturing process interfaces between 

the components needs to be of simple connections (Fixson 2005). 

Product design metrics for testing 

The success of any production testing strategy relies on the ability of the testing system 

to capture part or component wise defects before it escapes from part level to overall 

assembly and then to the product itself. The design metrics relevant to the testing scenario 

provides assistance in having a clear view of possible variables of the product design that 

can affect the performance of the overall testing system. In electronic industry, fitting 

product designs are essential to ensure the extensive testing coverage in a very short test 

time available (Wang & Knight 2002). 

The field rejects ratio or the test escape measures the quality level of the testing 

environment. The goal of any ideal testing environment is to reduce the number of test 

escape to zero. Another quality level of the testing environment depends on the testing 

system coverage and the incoming part yield (Wang & Knight 2002). 

Product design metrics from logistics point of view 

A product that is delivered on right time and quality are crucial to acquire the well-needed 

customer satisfaction. Thus designing a product in a way to supports availability, 

flexibility, and responsive to current market dynamics is essential (Mather 1992). The 

product design decisions on the nature and type of components that contribute to the 

overall product structure determine the delivery frequency and logistics responsiveness 

of the organisation (Fixson 2005). According to Dowlatshahi (1996), the product 

dimensions affect the logistical activities such as the movement systems, storages, and 

machinery involved. Further, the constraints provided by these activities are considered 

in the product design. In a similar fashion, Bramklev and Hansen (2007) argues the 
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importance of the simultaneous development of product design and associated packaging 

to obtain the on time, economical and quality product deliveries. The above opinions 

confirm the fact that the logistics input must be included in product design, and this is 

achieved through specifying the qualitative/quantitative criteria or metric. The metric 

indicates the ranges or levels of constraints that needed to consider in design 

specifications (Dowlatshahi 1996). 

The manufacturing related processes create number dependent factors that affect logistics 

activities. The manufacturing strategy and systems dictate the type of transportation 

required to maintain the material flow and these systems are in turn influenced by the 

robustness and consistency of the product design. The product design favouring the 

compactness in terms of size and weight contributes to the cost and effectiveness of the 

logistics system (Dowlatshahi 1996). Similarly, the selection of the material or parts that 

constitute overall system design needs to be chosen based on the location of the supplier 

or manufacturing plant (Dröge & Germain, 1998). 

To create greater economic benefits at prices of goods, design for transportability plays a 

vital role in overall logistic activities. Here the focus is to coordinate product design 

characteristics to adapt and efficiently utilize the existing distribution and transportation 

resources. The design characteristic for efficient transportability demands product design 

to be compact and to transport light high-value product (Hummels 2007). 

2.5 Capability maturity model integration (CMMI) 

This section of the literature review provides the foundation or the framework for 

countering the final research question. The Capability Maturity Model Integration 

(CMMI) is chosen as the source for the maturity level assessment of the case companies, 

with regard to availability and utilization of the above-proposed metrics and guidelines 

in their supply chain processes. The description of CMMI model and its areas of 

representation are drawn below. 

CMMI is a collection of characteristics framework that provides guidance for improving 

an organisation's process. CMMI enables the organisation to attain a mature state to 
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develop product or solutions to its customer. CMMI as a model illustrates the fact “what 

to do” rather than “how to do” or “who does it” therefore CMMI model is not usually 

implemented but a set of concepts applied to processes to achieve the target capability 

level. The premise behind the implementation of CMMI is that the quality of the system 

is influenced by the quality of the process used whether it is required to develop and 

maintain that system. Within the framework of the CMMI, there are three areas or 

disciplines of its applicability as discussed below (Phillips & Shrum 2010). 

CMMI for Development: The focus of this particular model is based on the process of 

building or development of products or solutions. This model provides guidance for 

measuring, monitoring and managing development processes. (Team 2006) 

CMMI for Acquisition: The model handles the process of buying or acquiring based on 

nature of contractual agreements with different providers. It delivers a direction to enable 

informed and critical acquirement leadership. (Team 2006) 

CMMI for services: this discipline focuses on services delivered to both internal and 

external customer within an organisation. The services environment involved could be 

system maintenance or providing services such as a help desk. (Team 2006) 

The maturity level of each of these disciplines is associated with a group of process areas. 

The process area is a set of activities grouped together in each of these disciplines, each 

of the process areas is identified by generic and specific targets and corresponding 

activities. The CMMI structures are represented in two distinct ways. (Team 2006) 

Continuous: The continuous representation is the most flexible approach for process 

improvement. It allows the organisation to select the order of improvement that best meets 

the organisation's business objectives and mitigate any areas of risk. The continuous 

representation addresses the order of improvement of particular or a specific set of 

processes. (Team 2006) 

Staged: This representation is a proven sequence of improvements established as a 

foundation with respect to predefined sets of process areas for each level of maturity. In 

a staged representation, each subsequent level of maturity is attained by incrementally 
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addressing the previous level maturity criteria. The staged representation is a systematic 

and structured approach to the process model. Staged representation provides an order for 

improvement roadmap across the organisation. (Team 2006) 

 

Figure 14: Staged representation (adapted from Team 2006) 

Level 1: The initial level on a maturity scale indicate those process or workflow nature 

that is informal and chaotic. The success factor on theses process is dependent on skills 

of the people involved. (Team 2006) 

Level 2: The processes that are a label in the managed level are planned executed as per 

a policy of the organisation. These processes are controlled and monitored according to 

process plans. The policies are further revised if necessary. (Team 2006) 

Level 3: At maturity level 3 or at defined level the processes are executed using standards 

guidelines and tools. They are consistent across the organisation processes. The process 

description at maturity level is described more vigorously and proactively with the 

understanding of the interrelationship between multiple activities when compared the 

level 2 maturity. (Team, 2006) 

Level 4: The quantitative targets are established and used as criteria for management of 

the process throughout its life at maturity level 4. These quantifiable targets are used to 

measure the process performance at a sub process level and utilised for future decision 

making. At maturity level 4 the performance of the process is controlled using 

quantifiable data. (Team 2006) 
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Level 5: the level indicated the highest maturity level of the process in the organisation. 

At the optimizing stage, the process is subjected to improvement based on the quantifiable 

measure or evidence. The quantitative improvement objectives are identified and 

established. (Team 2006) 

The CMMI approach focuses on analysing processes within the precise organisation 

without any specific use of industry standards with expectable results .The CMM 

approach is widely accepted in industries and is considered one of the best practices to 

gauge the maturity of current state of practices in the industries. (Team 2006). 

2.6 Literature review synthesis 

The literature review was conducted to construct the supply chain process framework 

from a theoretical standpoint. Thus two research questions were formulated to cover the 

substantial aspects of the proposed framework as shown below. 

1. What are the strategic objectives and key performance indicators for supply 

management, manufacturing & testing, and logistics process?  

2. What are the product design guidelines and design metrics for supply 

management, manufacturing & testing, and logistics process?  

In order to answer the above research questions, first, the basic concepts of product and 

product development was studied to understand the idea of rapid product development. 

Along with establishing from an academic angle, the benefit of integration of various 

supply chain process in general to achieve rapid product development.  

Further, the supply chain processes considered in this study is defined, and the associated 

activities and processes were agreed from the available literature. The subsequent logical 

step then was then to derive the overall objectives and their related performance measure 

for each of the selected process based on processes identified. The overall objectives of 

the supply management process are to ensure a continuous flow of purchase materials on 

time at the lowest cost with minimum or no defects. The related performance measures 

can be summarised as, to achieve maximum on time delivery in balance with most 
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desirable supply lead time through highly mature supplier relationships. Objectives of 

manufacturing and assembly process are to ensure high-quality product or part output in 

the least overall manufacturing and assembly lead time and cost by simultaneously 

maintaining a highly flexible in the manufacturing and assembly processes. From the 

testing point of view, the main objective is to achieve a high level of fault coverage or 

test quality and the ability to address the source of defects entirely at the first attempt of 

testing. The overall objectives from logistics can be summarised as to minimise cost in 

the overall physical distribution of the product and assure agility, flexibility, and ability 

to adapt to rapid external changes in the product delivery. The significant key 

performance indicator includes on-time delivery, average delivery time and maximum 

logistics capacity utilisation. Thus answering the first research question.  

In order to answer the second research question, the concept of DFX and its 

accompanying theory of the relevant DFX discipline that is connected to selected supply 

chain processes was studied. Cantered on these disciplines the allied guidelines and 

metrics was recognized. The product design guidelines metrics from all three selected 

processes focus on roadmap to minimising the total number of parts by part 

standardisation and modularization efforts in the product design. Further, the guidelines 

and metrics emphasise on adopting the product design to the available process capability. 

General features of the framework are consequently established from the selected supply 

chain process from the two research questions and reported together as a summary Table 

(2).  

Additionally, the theoretical background on the CMMI model and the definitions of 

various maturity level stages was studied to provide a foundation for empirical study and 

in order to answer the final research question. 
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Table 2: Summary of the literature findings  

Supply Chain Performance Measures Product Design guidelines Product Design metrics 

Supply management 

• Total cost savings (Huang et al. 2007). 

• Cost Avoidance (Huang et al. 2007). 

• Defects per million (Dasgupta 2003). 

• Percentage of order error rate (Kumar et al. 

2005; Chao et al. 1993). 

• Material Non-Acceptance rate (Kumar et 

al. 2005 ; Axelsson et al. 2002) 

• Material Acceptance rate (Hwang et al. 

2008) 

•Buyer–supplier partnership level (Bhagwat 

et al. 2007). 

• Percentage of qualified and certified 

suppliers (Hwang et al. 2008). 

• Total Number of suppliers used:(Easton et 

al. 2002 ; Axelsson et al. 2002) 

• Perfect order fulfilment (Hwang et al. 2008 

• Cycle Time: Supplier order delivery 

(Bhagwat et al. 2007). 

• On–time supplier delivery rate (Hwang et 

al. 2008; Bhagwat et al. 2007) 

• Material Availability (Hwang et al. 2008) 

• Percentage of Sole source Supplier 

• Percentage of Sole-sourced material 

• Inventory Turnover rate (Gunasekaran et 

al. 2001; Hwang et al. 2008). 

• Inventory Accuracy (Gunasekaran et al. 

2001; Hwang et al. 2008). 

• Supplier Fill Rate (Huang et al. 2007). 

• Quality cost per supplier (Youssef et al. 

1995). 

•Supplier order documentation accuracy 

rate:(Hwang et al. 2008 Gunasekaran et al. 

2001) 

• The frequency of supplier Evaluation:( 

Kumar et al. 2005; Axelsson et al. 2002). 

• Average Number of Orders Processed 

(Weele 2010) 

 

 

 

a) Use only qualified and contracted suppliers in the product 

design (Brewer & Arnette 2016, Zsidisin & Ellram 2001)  

b) align Product design features  according to supplier capability 

if supplier contributes to the manufacturing of the part or 

component (Liker et al. 1996, Dowlatshahi, 1992) 

c) Ensure outsourced critical components is dual sourced in the 

product design (Yu et al. 2009). 

d) Ensure the use of common product platform in the product 

design (Lehtonen 2007, Fixson 2005). 

e) Maximize the use of standard components product design 

(Burt & Soukup 1985, Ulrich 1995). 

f) Support in achieving higher Component\part Reuse in the 

product design (Fixson 2005, Pulkkinen et al. 2012). 

g) Focus on reducing individual parts in the design and support 

ready to be assembled components (only interfacing further 

work) (Duray et al. 2000). 

h) Ensure minimal varieties of sourced components in the design 

(Pulkkinen et al. 2012). 

I) Use product modularity or modularization of the product 

(Duray et al. 2000). 

• Number of suppliers per product 

or parts per supplier (Ahonen & 

Salmi 2003) 

• Number / percentage of parts 

from contracted and qualified 

suppliers (Wasti & Liker 1997, 

Wallace & Hill 2011) 

• Number /percentage of purchase 

parts that matches requirements 

(Humphreys et al.  2007).  

• Extend  of suppliers engagement 

in collaborative design  (Von 

Corswant & Tunälv 2002) 

• Number defects in purchase parts 

(Kitchaiya 2006). 

• Percentage/ Number of 

interchangeable parts per product 

(Twigg 1998; Dowlatshahi 1992; 

Liker et al. 1998). 

• Percentage/ Number of standard 

or off the shelf parts per product 

(Twigg 1998; Dowlatshahi 1992; 

Liker et al. 1998). 

• Percentage/ Number of 

substituted parts per product 

(Twigg 1998; Dowlatshahi 1992; 

Liker et al. 1998). 

• Number / Percentage of parts 

excluded per product (Twigg 

1998; Dowlatshahi 1992; Liker et 

al. 1998).  

•Level supplier design expertise or 

innovativeness in the product 

design (Humphreys et al.  2007). 

• Number of modules in the 

product (Kaski 2002; Fernández & 

Kekäle 2005) 
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Supply Chain Performance Measures Product Design guidelines Product Design metrics 

Manufacturing & Testing 

• Total Manufacturing Cost per Unit 

(Humphreys 2004). 

• Total Cost of assembly 

(Janusz & Kapliński 2005). 

•Cost of rework and delays (Nord et al. 

2012). 

• Cost of rework and delays (Nord et al. 

2012). 

• Percentage of assembly defects 

(MacDuffie et al. 1996). 

• Schedule or production attainment  

(Rao et al. 2011)." 

• Manufacturing cycle time 

(Gunasekaran et al. 2001). 

• Time to make changeovers 

(Saha et al. 2016)" 

• Assembly efficiency (Petersson 2000). 

• Overall equipment effectiveness 

(Dal et al. 2000) 

• Throughput  (Zheng et al. 2008) 

• Inventory turnover rates 

 (Huang & Keskar 2007). 

• Process capability (Huang & Keskar 2007). 

• Productivity in revenue per employee 

 (Wolf 2016). 

• Capacity Utilization 

 (Gunasekaran et al. 2004). 

 

Testing  

• Cost of testing (Thomke & Bell 2001). 

• Throughput yield  

(Nilsson & Hallberg 1997). 

• Test time (Ruberto et al. 2006) 

• Fault spectrum coverage 

 (Beurze et al. 1999). 

• Testing facility utilization  

(Choi & Ko 2010). 

Number of product per test system available 

for test (Wang & Knight 2002). 

a) Simple product design with a minimum number of parts, such 

as avoiding catalog parts and parts, which utilizes a larger 

number of tools. (Stoll 1988, Corbett 1987, Boothroyd & 

Dewhurst 1987). 

b) Accommodate standard and commonality in product design 

(Stoll 1988, Kirkland 1988, Dowlatshahi 1995). 

c) Design products with multi-use and multifunctional parts 

(Stoll 1988, Boothroyd & Dewhurst 1987, Dowlatshahi 1995). 

d) Minimize the variety in components and parts in the product 

design (Stoll 1988, Corbett 1987, Dowlatshahi 1995). 

e) Design to be production friendly and within the process 

capabilities (Kirkland 1988, Stoll 1988). 

f) Mistake-proof product and assembly (poke yoke) (Corbett 

1987, Ulrich & Eppinger 2008). 

g) Minimize non-value added movement and ambiguity in part 

orientation. (Stoll 1988, Corbett 1987). 

h) Minimize fragile and flexible parts and interconnections 

(Hamidi & Farahmand 2008). 

i) Utilize simple assembly movements and minimize the axes of 

assembly (Stoll 1988, Kirkland 1988). 

j)  Promote easy fastening and joints in the product design (Stoll 

1988, Corbett 1987, Kirkland 1988). 

k) Facilitate modular design with functionally integrated 

components (Stoll 1988, Kirkland 1988). 

l) Product design is more favourable to automated processes 

(Hamidi & Farahmand 2008). 

m) Avoid stringent tolerances and surface finish  (Lahtinen 

2011) 

Testing 

a) Product design to be compatible with existing testing 

technologies (Bringmann & Krämer  2008) 

b) Achieve maximum testing -coverage ; the design must enable 

the complete product to be tested in minimum number of test 

attempts (Fries 2012) 

c) Avoid parts and components that have high probability of 

failures, select components or parts that are already proven to be 

compatible with testing technologies (Tewksbury 2001) 

d)  Enable modular design that enhances defect isolation and 

visibility of possible defects (Turino 2012). 

e) Product structure and part orientation and placement must 

ensure maximum the testing accessibility (Turino 2012). 

• Number of parts per unit Area 

(Galbraith & Greene 1995) 

• Percentage /number of unique 

parts requiring varying process 

capability or tool requirement 

(Galbraith & Greene 1995; 

Hammond et al. 1998; Boer & 

Logendran 1999). 

• Number /percentage of parts 

contributing to low Level of 

Automation (Galbraith & Greene 

1995; Hammond et al. 1998) 

• Number of modules in the 

product (Kaski 2002) 

• Number of Assembly or 

manufacturing operations needed 

(Fixson 2005). 

• Number /percentage of common 

parts in the product (Salvador et al. 

2002). 

• Number of interfaces between 

components or interface 

complexity (Fixson 2005; Kaski 

2002) 

Testing 

• Number of defective parts or 

number of test escapes  (Wang & 

Knight 2002) 

• Average testing time per 

component (Ruberto et al. 

2006;Wang & Knight 2002) 

• Percentage of  fault coverage or 

number of faults detected per 

product (Beurze et al. 1999; Wang 

& Knight 2002) 

• Percentage of test node or probe 

Accessibility (Wang & Knight 

2002) 

• Component or part fault 

spectrum (Culbertson 1996, Wang 

& Knight 2002). 
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Supply Chain Performance Measures Design guidelines Product Design metrics 

Logistics 

• Customer Backorder rate 

(Fawcett & Cooper 1998). 

• Average Delivery time: 

(Fischmann et al. 2008). 

• On time arrivals or delivery  

(Fawcett & Cooper 1998). 

• Delivery consistency 

(Coyle et al. 2016) 

• Information accuracy 

(Kelepouris et al. 2006). 

• Total logistics cost (Laird 2012). 

• Shortage and delay cost 

(Annadurai 2013). 

• Average Delivery time 

(Fischmann et al. 2008). 

• Throughput time 

(Gunasekaran et al. 2001). 

• Upside delivery flexibility 

(Huang 2013). 

• Capacity utilization 

(Waters 2003) 

• Total productivity (Waters 2003). 

• Equipment productivity   

(Waters 2003) 

• Capital productivity 

(Waters 2003)." 

• Labour productivity (Waters 2003). 

• Number of customer returns 

(Lalonde & Pohlen 1996)." 

• Shipping accuracy (Ross & Rogers 1996).  

• No of defects during transit 

a) The logistics movement system and choice of carrier and 

transportation inputs with respect to product physical dimension 

must be considered in the product design. The product design 

must consider the existing distribution and packaging capability 

(Dowlatshahi 1995, Bramklev & Hansen 2007). 

b) Standardized off the shelf component is used to a greater 

extent and use interchangeable parts to be encouraged to 

minimize the number of the part count and improve packaging 

(Dowlatshahi 1995, Foo et al. 1990, Mather 1992). 

c)  Selection of material and it's consequent processing time to 

be compatible with overall logistics operation (Dowlatshahi 

1995). 

d) Product dimensions ergonomics, overall weight to be 

incorporated packaging and transportation consideration. 

Efficiently utilize the logistics facilities during product design 

(Dowlatshahi 1995, Bramklev & Hansen 2007). 

e) ensure ease of opening and provide optimal protection 

(Dowlatshahi 1995, Bramklev & Hansen 2007) 

f) Fragile and sensitives components must be designed taking the 

transportation aspect into consideration, and extreme 

environmental factors in transportability are considered during 

design (Dowlatshahi 1995) 

g) Parts and components designed consistently as per available 

transportation mode. Product design that requires special or 

customized mode of transportation should be avoided 

(Dowlatshahi 1995) 

h) Modular and disassembly capability for transportation to be 

included in the product design (Dowlatshahi 1995, Kao 2006, 

Foo et al. 1990) 

• Number of design changes that 

affects logistics (Dowlatshahi 

1996). 

• Number/ percentage of standard 

or off-the-shelf components or 

materials utilised (Bramklev & 

Hansen 2007; Dowlatshahi 1996).  

• Number of reusable or 

interchangeable parts (Bramklev 

& Hansen 2007; Dowlatshahi 

1996) 

• Total Number of parts 

(Dowlatshahi 1996). 

• Packaging density for shelf space 

and transportation (both internal 

and External)  (Dowlatshahi 1996)  

• Number/percentage of parts with 

longer shipment (Dröge & 

Germain, 1998, Dowlatshahi 

1996) 

• Part or component defect rate per 

transportation (Dowlatshahi 1996) 

• Product value / weight ratio 

(Hummels 2007;Dowlatshahi 

1996) 
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3 EMPIRICAL STUDY  

3.1 Introduction  

The empirical study was conducted to assess the current state analysis of the case 

companies in relation to their supply chain process performance measures, design 

guidelines and design metrics in the selected supply chain processes. The study provided 

a practical insight into the case companies’ readiness for RaDe type of product 

development model. The maturity of the supply chain and related product design 

guidelines and metrics was analysed based on CMMI model. The parameters which 

define each maturity level were mapped on the terms of availability and the nature of its 

significance in the operational strategy in the relevant case companies. The step by step 

empirical study process is described in fig (15) 

 

 

 

 

 

 

Figure 15: Empirical study process  

The empirical study was conducted by creating questionnaire (Appendix A) based on the 

theoretical findings. The questionnaire was sent across to the case companies prior to the 

face to face interview session in each case company separately in order to analyse the 

process readiness in detail .Some of the answers were sought from personnel’s related to 

their field of work, and it was further validated in the interview session. A brief extract 

of the case companies and interviewee profile are described in the Table (3). 
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Preparation of interview 
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literature findings and 

current state of practices 

in case companies   

Questionnaire sent 

to case companies to 
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from relevant key 

stakeholders  

Face to face, interview 

session conducted in order 

to validate initial responses 

and to clarify further 

related information 

Analysis of the 

interview 

recordings and 

documents  

 

Maturity level 

identification of each 

case companies supply 

chain processes based 

on CMMI model  
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Table 3: Summary of case company and interview details.  

Case 
Company types 

and size 
Product type 

No of 

interviews 

and 

duration 

No of 

interviewees 
Role of the interviewees 

A 

Information and 

communications 

technology. 

(Large, global 

enterprise) 

Solution based 

on Tangible, 

Intangible , 

and Services  

1 

(3 hours) 

2 

 Head of  System 

Maintenance 

 Demand and supply 

chain manager  

B 

Electromagnetic 

radiation 

equipment. 

(Large, 

international 

enterprise ) 

Solution based 

on Tangible 

products  

1 

(2,5 hours) 

2 

 Director, R&D, and 

Engineering 

 Operations Manager  

 

C 

Locking solution. 

(Medium, 

international 

enterprise) 

Solution based 

on Tangible 

products 

1 

(2,5 hours) 

3 

 Head of operations  

 Executive vice 

president  

 R&D 

project/program 

manager 

 

In the empirical study, each case company is analysed separately based on their product 

development and the supply chain operational models. The supply chain is further 

analysed as three sub-processes as supply management, manufacturing, and logistics. 

Additionally, current state practice and applicability of product design guidelines and 

metrics are sought. 

3.2 Case company analysis  

3.2.1 Case company A 

Case company A is large global developers and producers of Information and 

communications technology infrastructure solutions through a large network of product 

development, manufacturing, distribution, and service centres around the world involving 
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over 100 000 internal employees. The company provides a large range of hardware, 

software and services products as solutions for their customers. The case company has 

five different product development models which include two extensive milestone driven 

development processes focused on creating totally new technologies and products, 

followed by normal product development process model less significant to the above 

development processes but focused on creating new sales item. The medium 

enhancements and minor improvements in the products are done using the variant and 

engineering change management (ECM) processes. The variant process is derived from 

the major milestone driven models confined to 5 miles stones focused on improving the 

existing products. The ECM model is organized under the operations unit with a time 

frame of one to two months. The operation model for engineering change management is 

based on the engineering change order workflow with almost 200 ECM projects per year 

and has permanently established under product engineering line organisation. The 

concept of DFX has been understood and implemented well according to the known 

terminology in the company. The DFX implementation is targeted to impact the product 

design to attain ideal products cost, optimal product delivery efficiency, and reduce 

environmental related issues and is realized across 19 areas such as cost, logistics, 

customer experience, etc. 

Supply chain process analysis  

From the supply management point of view, the company has a specific department to 

serve the product development needs of different programmes and volume productions. 

The purchasing for the product development is conducted based on a regionalized model 

with a capability managers who are in charge of one or more programmes and a set of 

people working from US, EU, and Asia regions. The purchasing decision in the 

organisation is mostly product specific, while the supplier’s selection is based on their 

ability to meet specific targets by the global procurement team or the programme 

purchasing team from the recommended supplier list. The supply management is involved 

as per necessity in the product development during the product requirement assortment 

and programme commitment phases to achieve specific targets in product development 

from purchasing viewpoint. The interviewees emphasised the fact that “...The 
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involvement of suppliers early does not support rapid development much. But the usage 

of existing suppliers and the component base is the key factor, for rapid development …” 

Mostly the manufacturing in the company is outsourced to external manufacturing 

services (EMS). Company-owned manufacturing units are utilised for producing new 

products and are individually run. Global management decisions have limited influence 

in the respective units. Specific teams are set up for early manufacturing involvement in 

product development headed by the production capability manager (PCM). The 

responsible PCM ensures manufacturability and the relevant checks on the product 

layouts, items, and Line availability during the kick-off meetings. The team also defines 

manufacturing requirements regarding manufacturing yield, assembly time, etc. All the 

similar findings are documented in their respective databases for further use. All product 

manufacturing are associated with the testing activities; Production testing is the part of 

the delivery capability of the programme. The test engineer participates in the programme 

meetings and provides inputs related to testing and testing technologies for the product 

development. 

The Logistics is the part of the entire demand supply chain led by demand supply chain 

manager and is both decentralized and centralized. The logistics activities are centralized 

for the volume products which are subjected through all the R&D phases. For new 

products, the activities related to logistics are decentralized, and the item movements are 

limited to individual factories. Similar to another process, the logistics activities are 

considered in the product development analysis to ensure the product fit, during logistics 

undertakings. According to the interviewee. “…the logistics organisation does not 

support the product development directly as such. But demand supply chain manager is 

involved in the product structure review meetings which are held at different phases of 

the product development...”during the review meetings the decision based on product fit 

to the existing distribution system and packaging related issues are met. 

Overall Objectives and performance measures  

Case company A has well-defined performance measures and targets from the supply 

management perspective, the main objective in the supply management process is to 
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ensure the quality of the supply and minimize purchasing lead time. The quality of supply 

is driven based on contractual agreements and reimbursement models. The organisation 

works with a large number of suppliers, the main focus of supplier selection is based on 

competitive pricing, the technological competence and the availability of the purchase. A 

dedicated early product development team prepares supplier audit questionnaire and 

simultaneously check the quality of the purchase. Although the organisation has a large 

supply base it prefers single supply sources for low volumes but for larger volumes 

multiple suppliers are preferred and for critical components, the target is to use multiple 

suppliers whenever possible. The interviewees also emphasised that for rapid product 

development it is preferred to have a single supplier in the beginning and then during 

volume production, more suppliers are sought. The suppliers are usually selected from 

the recommended supplier list, and the target is to have 95% of recommended suppliers 

in their products. The suppliers are mostly selected during R&D phases and qualified in 

the volume phases; the focus is to have qualified supply base based on recommended 

suppliers. The objectives such as the purchase price, risk and other criteria are 

documented in a detailed handbook. As far as make or buy decisions the company prefers 

to maximize the ratio of  bought components in order to mitigate design and testing lead 

times of  complex products. 

The objectives from manufacturing perspective are well defined, and the focus is to 

minimize the manufacturing and assembly lead time, other issues such as manufacturing 

yield, machine utilization rate are also an important factor from manufacturing viewpoint. 

The organisations underline using the existing available manufacturing and assembly 

technologies for all the operations, but teams are available to study latest technologies 

and improve the future manufacturing capability. The key target from the testing is to 

ensure compliance with testing process available. In the testing process, only the testing 

software or testing fixtures are changed. The testing fixture can be custom made or reused 

according to preference. Other areas include targets to achieve manufacturing quality, 

maximizing the fault coverage minimize rework and final test phases. 

From the logistics viewpoint, the key performance indicators (KPI) and targets are in 

place. The number of new of products and item quantity is considered to be the most 

important measures with less significant importance given to delivery lead times. 
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Similarly, a considerable number of KPIs are defined and are available for cost and the 

service level issues and are handled by different departments.  An important target from 

logistics approach is to adapt the product to the existing distribution network and 

infrastructure. 

Product design guidelines and metrics  

As mentioned earlier the company has well implemented the concept of DFX well in the 

organisation. 19 DFX disciplines including product design guidelines and metrics are 

implemented. The general target for using concept is to minimize the product lifecycle 

cost and enhance the individual product performance. The guidelines and metrics for the 

supply management in the company are defined by the scope of Design for Supply 

management (DFSM) discipline. The design guidelines and metrics in this particular 

discipline is focussed on adapting to existing recommended suppliers and optimizing the 

purchasing activity. The guidelines emphasise on minimising the number of bought parts 

and ensuring the optimal usage of the supply base. The metrics in supply management 

are focused on influencing the component selection in order to reduce the part count and 

reduce the diversity in parts and suppliers for a particular product. The design metric 

targets are to use as much as off the shelf components and reduce downstream 

manufacturing and procurement complexity.  

The design guidelines and metrics in the organisation ensure the needs of manufacturing 

and assembly are taken into account earlier in the product development stage. From the 

manufacturing perspective, product structure related guidelines and metrics are 

considered vital in the case company for easier manufacturing and assembly operations. 

One of interviewee stated that “…Simpler structure, easier manufacturing product 

structure cannot be random. Manufacturing gives the requirements for the product 

structure and is very important…..” and plays an important role in dictating the future 

manufacturing lead times. Similarly, guidelines and metrics to use process based products 

with targeted use 90% existing components are significant in terms of manufacturing 

standpoint. Further DFX targets in the form of design for manufacturing exist, and a log 

is maintained to capture the manufacturability aspects in terms of ABC classification in 

the organisation. Other issues relevant to Design for board assembly (DFBA) such as 
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component spacing, the size of the board, etc. are contained within in guidelines and 

metrics. Testing in the company is a wide area, and each area has its own testing 

guidelines and targets including test plan that supports designers earlier in the product 

development to minimize testing lead times. The prominent guideline from testing 

approach is to adjust to the existing testing technologies with minimum effort in 

modifying the test fixtures with enhanced testing coverage and accessibility as a target. 

The guidelines and metrics from the logistics viewpoint are clear-cut in the company and 

ensure that the product structure supports existing order management, order handling, 

distribution and invoicing activities. Guidelines and metrics related to transportation and 

packaging issues are available, such as detailed packaging guidelines with specifications 

(labelling procedure, etc.). Guidelines are available to ensure that the product is designed 

according to standard transport and storage requirement. 

3.2.2 Case company B 

Case company B is a worldwide provider of electromagnetic radiation imaging products 

and services, with R&D centers located both in Europe and Asia with around 300 

employees. The company supports its customer in the medical, security and industrial 

applications. The firm adapts to three development models to deliver their products, the 

major development process in the organisation is carried in six phases which include four 

development miles stone and five management toll gates for higher management review. 

This process usually extends up to a year in delivering new products. An inferior version 

of the above process is initiated for medium enhancements for fast product customizations 

based on specific customer need consisting of three development miles stone and two 

management toll gates with a shorter lead time of almost four months. The third model is 

a fast paced development model similar to RaDe for technical modifications of existing 

sales items with a time frame of two to three months. During this particular process, no 

new delivery capability is created, and focus is mainly on short time to market. From the 

DFX concept point of view, DFX as a concept is recognized in the organisation with only 

partially documented design guidelines available for manufacturing.  

Supply chain process analysis  
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Case company B has recently modified its supply management organisational structure 

with separate procurement team Asia for material procurement under procurement 

manager reporting to the vice president of operations. A separate sourcing team in Europe 

is available for supplier evaluation and project related material sourcing and is reporting 

to a chief technical officer. The supply management leads the negotiation and 

communication of supplier agreements and other pricing and component lead time details 

of the purchase at earlier phases of the product development, during later stages the 

responsibility is transferred from sourcing to procurement team for material procurement 

and price negotiations. Sourcing team is mainly involved in full-scale NPD projects 

whereas in RaDe type of projects the procurement team is main stakeholders. The 

organisation considers the integration of supplier in its product development activities 

important. In fact, the interviewee stressed out that “...supplier integration into product 

development is a must, whether it as current or new supplier…” suppliers are involved 

in early design phases to meet manufacturing and cost targets.  

Manufacturing organisation similarly is a part of operations and reports to vice president 

of Operations. Production process development team (PPD) are responsible for 

manufacturing resourcing and production related setup activities. The PPD team supports 

in analysing manufacturability through reviews during the concept development phase. 

They prepare preliminary manufacturing flow requirements and control plans as a part of 

creating the production capability. The testing process design and other related 

implementation undertakings in the organisation are restricted to R&D activities in 

Europe. There is a considerable involvement of testing activities earlier in the product 

development phase. DFT reviews are conducted during the conception phase, followed 

by draft plan addressing production testing methods and cost are formulated. All these 

actions are carried in order utilize the existing developed testing technology at the 

organisation. Every product or product family in the organisation have their individual 

test and control plans. All the test conducted is customized to individual product and 

includes approximately 10 to 20 test phases. Compared to other process logistics is of 

little significance in the organisation in terms of management activities. The companies 

have a small team in Asia and single personnel working from Europe for logistics related 

activities. The logistics basically has no or very limited role in product development 

activities in the organisation. 



 

 

69 

Overall Objectives and performance measures  

The overall objectives and performance measure in the organisation with respect to 

supply management are not very well documented. From interviewee’s viewpoint 

“...Supply management objectives are not very visible to the R&D people, and there is a 

weak feedback to R&D…”However, it is understood that the main objectives of the 

supply management are focused on cost reduction, quality and on time delivery of the 

purchases to limit delays. Being flexible in the purchases is also a key goal in some 

specific cases. From the critical component point of view, the organisation always prefer 

to have a backup supply source additionally to the qualified available supplier. The 

organisation works with 250 approved suppliers of which 10% of them are contracted. In 

terms of RaDe apart from the above objectives targets to mitigate risk are also considered 

an important area of attention. During RaDe type of projects, only verified solutions are 

used, and other uncertainties are minimized. There is also clear supplier’s pricing targets 

in order to eliminate long negotiations. 

From the manufacturing point of view, the performance measures and targets are well-

defined, the main objective of the organisation is to optimise manufacturing cost, quality 

and resource productivity. The main goal in any manufacturing process is to use the 

existing manufacturing technology, machines, equipment, materials, methods, etc. as 

much as possible. In the case of any product-specific requirements often methods are 

varied, but the basic manufacturing technology is maintained the same. The performance 

measures and targets from testing are not generalized. Measures and targets are product 

specific from the testing perspective. The main objective of the organisation is to comply 

with the existing testing process and minimize test lead time. For agile development 

initiatives, the testing process is adapted with changes to the testing fixtures. More than 

90% of testing technologies and methods utilised exist, with specific requirements 

considered needed based on customer request. Performance measures and targets are 

operated for a particular purpose as necessary from a logistics point of view. Logistics is 

less significant due to low shipment volume. The main objective of the organisation is to 

optimize packaging to minimise the logistics costs. 

Product design guidelines and metrics  
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Product design guidelines and metrics are not defined and documented. However, some 

ad-hoc guidelines and metrics are available. DFX concept is currently in implementation 

stage at the company. From supply management angle, the guidelines are to align the 

product design with recommended supplier capability and use existing designs as much 

as possible with no new suppliers for its product design. The interviewee also emphasised 

on the fact that from component selection point a general approach is to have, increased 

volume through standardization and modularization of components with fewer varieties 

in order maintain a minimum number of suppliers. Similarly, the design targets are not 

documented but informally set for each project specifically, which involves mainly cost 

and adherence to technical requirements.  

Product design guidelines in the manufacturing are not defined either, but some guidelines 

to adapt design based on process and component failure mode analysis reports are 

available. The design metrics in form of technical parameters exist for specific products, 

but a generalized form of metrics does not exist. DFM concept is currently in 

implementation stage at the company. DFT reviews are conducted during the conception 

phase, followed by draft plan addressing production testing methods and cost. All these 

actions are carried in order to utilize the existing developed testing technology.  From the 

logistics point of view, some followed procedure is to optimize the packaging size to 

minimize the overall logistics cost. Design targets for logistics are unclear, but initiatives 

to reduce product component weight and size are pursued for larger shipments. Design 

targets for logistics are unclear, but initiatives to reduce product component weight and 

size are pursued for larger shipment.                                                                                                                                                                                  

3.2.3 Case company C 

Case company C is a medium sized locking solutions providers based in Europe. The 

organisation has three product development models for realizing its products, major 

product development activity resulting in entirely new product is carried through a five-

phase five gate development process with a time frame of one to one and half years. 

Followed by an offshoot development process of two to three phases that are formed by 

combining the phases of the previous model. The RaDe type of projects is carried using 

engineering change order workflow typically only for technical modification of the 

existing products to realize cost reductions and quality improvements. In few cases, new 
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products such as the accessories are created through this activity. DFX as a concept is not 

implemented in the organisation and is not a known terminology in the company, but 

similar unclear guidelines are available in the form of lessons learned document. 

Supply chain process analysis  

The supply chain processes in the case company are managed by teams of very small size. 

The interviewee’s mentioned that. “…We are a small and agile company, the supply 

chain process “process” naming itself is too heavy term for us …”The supply 

management operations in the organisation are managed by the head of the operation, 

with another person in charge of buying activities. Supply management is considered 

significant compared other mentioned process, since about 90% of the components in the 

organisation are sourced. The involvement of supplier is moreover case specific; the 

suppliers are involved and contacted directly by the programme manager as per need. 

However, the interviewees confirm that involvement of external suppliers in cost 

reduction activities to a large extent in many programmes. For fast paced projects similar 

to RaDe no new suppliers are involved and the interviewees stated on supplier 

involvement as “…it makes things slower at the beginning, but then it will be smoother 

later, and development will be faster overall…” 

The manufacturing operations in the organisation are focused on creating prototypes with 

no effort on real volume production occurring within the organisation. The manufacturing 

operations are fulfilled with two employees from the organisation along with other 

contracted personnel. The manufacturing involvement in product development activities 

is restricted to feedbacks received from suppliers on manufacturability and inputs related 

to final assembly issues which are carried out in-house. There is no dedicated organisation 

for testing in the case company, testing activity in the organisation is standard. Logistics 

operations in the company are outsourced totally to third parties. However, function 

related logistics are distributed as additional responsibilities to personnel’s involved in 

other departments.  

Overall Objectives and performance measures  
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From the supply management standpoint, some performance measures and targets are 

available and managed but not documented and implemented in the process workflow. 

The overall measures to gauge supplier performance in the case company is available in 

the form of supplier review documents which includes measures to analyse supplier 

delivery quality, communication, and relationship level which are reviewed every two 

years in the organisation. Based on this review suppliers are recommended for future 

collaboration. Other related measures such as the cost measures in the case company are 

followed up based on product group level and are mostly in the form of financial 

measurements handled by the finance department. The main objective of the organisation 

from supply management is to ensure the quality of the supply and achieve on time 

delivery. Performance measures and targets from the manufacturing perspective exist. 

The main objective of the organisation is to optimise manufacturing cost and quality. The 

measures and the associated targets are estimated during programme initiation and 

reviewed at each gate. No reported performance indicators are available for testing in the 

case company; testing is not considered significant enough to manage and control in the 

organisation. From the testing perspective, all the activities are standard procedure 

involving minimum variation in testing methods which demands no specific target setting 

and guideline requirements .The logistics activities are very limited; no particular 

performance measures are available.  

Product design guidelines and metrics  

The guidelines in supply management side are in the form of a document based on lessons 

learned from previous projects in the case company; these guidelines include rules for 

material selection, consideration in the product design for ease of assembly and other 

quality related issues and these rules are fairly used in new projects. Similarly, certain 

design metrics related to a component distribution from various suppliers and level 

standardization are known and followed, but a systematic approach and documentation 

process for these metrics are not available in the case company. 

Guidelines from the manufacturing perspective are not defined and documented. But very 

general rules are followed to compare the proposed design with supplier capability. The 

design metric related activities are absent and not documented nor implemented in 
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development process workflow. The guidelines and metrics for testing and logistics are 

not clear at all since both the operations are not considered significant in the organisation 

to be controlled and managed. 

3.3 Empirical review summary  

A comparative analysis is then done based on the interview responses by comparing the 

case companies cantered on the framework features ((Performance measures, Product 

design guidelines and metrics) for each supply chain process (Table 4). 

Table 4: Summary of the literature findings  

Case Company (A) Case Company (B) Case Company (C) 

Supply management Objectives 

Well-defined performance measures and targets 

from the Supply Management perspective, the 

main objective of the organisation is to ensure the 

quality of the supply and minimize purchasing 

lead time. 

Examples of available performance measures: 
*Percentage of recommended suppliers  

*Purchase quantity and price 

*On time delivery  

*Category component price  

*Continuous reduction of product price  

*Minimize the inventory  

*Minimize stock  

*Number of suppliers (component specific) 

*Lead time (component specific) 

*Purchase price  

*Number of contracted and qualified supplier 

(very important the time for qualifying is quite 

long time) 

*Quality of supply  

 

For RaDe: Lead-time is most important 

parameters, product quality and use of contracted 

and recommended suppliers 

 

 

Currently, not very well documented 

performance measures and targets from the 

Supply Management perspective. However, 

some measures are defined and in use. The 

main objectives of the organisation are to 

ensure purchase quality and flexibility. 

Examples of available performance 

measures: 

*Annual material cost reduction 

(continuous) 

*Part Per Million (PPM) 

*On time delivery 

*Materials availability time 

*Number of qualified suppliers 

*Double sourcing for critical components 

 

For RaDe: quality (technical quality), on 

time delivery and risks. Use existing 

supplier base. Main target to limit the delays. 

Some performance measures and 

targets from the Supply Management 

perspective are available and 

managed. The main objective of the 

organisation is to ensure the quality of 

the supply and achieve on time 

delivery. 

Examples of reported performance 

measures: 

*General financial measurements 

* Number of rework 

*Defect rate 

*Product cost 

*Supplier rejections 

*Supplier relationship level 

*Delivery lead time 

 

For RaDe: Delivery time (more 

important than cost as waiting for parts 

is expensive) 

Supply management  Product design guidelines and metrics (DFX concept) 

Product design guidelines and metrics are well 

defined and strictly followed under the scope of 

Design for Supply management (DFSM) 

discipline. 

 

Examples of available product design 

guidelines: 

*Design the products based on the preferred 

supplier list (most important) 

Product design guidelines and metrics are 

not defined, but some ad-hoc guidelines and 

metrics are available. DFX concept is 

currently in the implementation stage. 

Design targets are set for each project 

specifically, mainly cost. No company level 

targets. 

 

Product design guidelines and metrics 

are not defined, but some ad-hoc 

guidelines are available in terms of 

lessons learned.  

 

Examples of reported product 

design guidelines: 

*Material, components, and related 

suppliers selection guidelines 
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*Minimise the number of different components in 

the product design 

*Minimise the number of suppliers in the product 

design 

*Minimise the number of different suppliers in the 

product design 

*Maximize the use of standard and off the shelf 

components (compromise with the use of more 

advanced technology to differentiate with the 

competitors) 

For RaDe: Use existing and recommended 

suppliers  

 

Examples of available product design metrics: 

*Number of components  

*Number of different components (direct impact 

on cost)  

*Number of locally sourced components 

*Use of preferred suppliers (use of recommended 

supplier as high as possible; the target varies from 

product to product) 

*Percentage of multiple sourced critical 

components 

 

Examples of reported product design 

guidelines: 

*Use existing recommended and approved 

suppliers 

*Maximise modularity  

*Use existing designs if possible (existing 

materials) 

 

Examples of reported product design 

metrics: 

*Mechanical tolerance (tight tolerance in 

many parts) 

*Use of preferred supplier 

*Supplier distribution (estimated) 

*Adapt product design according to 

supplier manufacturing capability 

*Use existing suppliers 

 

Examples of reported product 

design metrics: 

*Supplier distribution 

*Component standardisation level. 

Case Company (A) Case Company (B) Case Company (C) 

Manufacturing Objectives 

Well-defined performance measures and targets 

from the Manufacturing and assembly perspective, 

the main objective of the organisation is to 

minimize the manufacturing cost and lead time. 

 

Examples of available performance measures: 

*Machine utilization rate 

*Throughput time  

*Product yield  

*Number different phases  

*Number of manual work  

*Value of inventory  

*Scrap rate  

*Rework time 

 

For RaDe: Manufacturing time, component lead-

time, yield, 

Well-defined performance measures and 

targets from the Manufacturing perspective, 

the main objective of the organisation is to 

optimise manufacturing cost, quality and 

resource productivity.  

 

Examples of available performance 

measures: 

*Production Yield 

*CpK (process capability index) 

*Use of existing process, manufacturing 

technology and materials 

*Product specific targets 

*Productivity / cost reduction. 

*Personnel competence / development 

*Defects ppm 

*Minimise net working capital 

*COGS (cost of goods sold) 

*Standard cost (labour cost) 

*Overall equipment effectiveness (OEE) 

 

For RaDe: Use of existing manufacturing 

technology, methods, and materials 

Some performance measures and 

targets from the manufacturing 

perspective are available. The main 

objective of the organisation is to 

optimise manufacturing cost and 

quality. 

 

Examples of available performance 

measures: 

*Production yield 

*Manufacturing cost 

Manufacturing Product design guidelines and metrics (DFX concept) 

Product design guidelines and metrics are well 

defined and strictly followed under the scope of 

Design for Manufacturing (DFM) and its sub-

disciplines. 

 

Examples of available product design 

guidelines: 

*Minimise the number of components  

Product design guidelines are not defined, 

but some ad-hoc guidelines are available. 

DFM concept is currently in the 

implementation stage. Design metrics in 

form of technical parameters available  

 

Examples of reported product design 

guidelines: 
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*Simplify product structure 

*Align product structure and design with 

manufacturing capabilities (limited in case of 

RaDe)  

*Reuse of components (targets of 90% of reuse in 

new product; highly important) 

*Ensure adequate spacing of components 

*Design the product according to quality 

requirements (e.g. safe area in edges of the board, 

optical inspectional requirement, max size, max 

height) 

*Optimise component distributions 

 

Examples of available product design metrics: 

*Number of phases  

*Number of components 

*Machine maintenance time  

*Number of defect components noticed 

*Defects in PCB Board (layout error) 

*Number of manually manufactured parts 

*Number of components per board  

*Number of different components 

 

*Design product according to Process 

Failure Mode Effects Analysis (PFMEA) 

guidelines. 

*Design product according to Design 

Failure Mode and Effect Analysis 

(DFMEA) 

*Adapt product design with existing 

manufacturing capability (machines, 

equipment, materials, methods, and 

technology, etc.). 

 

Examples of reported product design 

metrics: 

*Simplicity of the design (such as number 

of components) 

 

 

 

 

 

Product design guidelines and metrics 

are not available.  However, 

prototypes are reviewed with 

production organisations. 

Case Company (A) Case Company (B) Case Company (C) 

Testing Objectives 

Well-defined performance measures and targets 

from the Testing perspective, the main objective 

of the organisation is to achieve testing quality, 

maximize the fault coverage and minimize 

rework and final test phases. 

 

Examples of available performance measures: 

*Percentage of test automation (software)  

*Average test time  

*Fault finding coverage (hardware and software 

maturity) 

*Utilization of existing testing technologies  

 

For RaDe: Utilization of existing testing 

technologies 

Defined but no generalized performance 

measures and targets. Measures and targets 

are product specific from the testing 

perspective. The main objective of the 

organisation is to comply with the existing 

testing process and minimize test lead time. 

 

Examples of available performance 

measures: 

*KPIs supporting sample testing 

*Minimize the testing time 

*Testing as little as possible parameters 

*Use of existing testing process  

*CTQ (critical to quality), sampling rate.  

*Testing capability to test those previous 

parameters. 

 

For RaDe: Utilization of existing testing 

technologies and process 

 

 

Product design guidelines and metrics 

are not defined. Testing activities are 

always on a case basis. Small cost of 

testing. Long durability testing may 

cost but is automatized.                                                                                                                                                                                                                                           

Testing Product design guidelines and metrics (DFX concept) 

Testing is a wide area, and each area has its own 

testing guidelines and metrics. Product design 

guidelines and metrics are well defined and strictly 

followed under the scope of Design for Testing 

(DFT). 

 

Examples of available product design guidelines: 

*Product must be designed for testability (in terms 

of needle pacing there must larger test coverage , 

based on this issue the test bed is designed) 

*Product must be compatible with testing 

equipment (beneficial and mandatory) 

*Utilize more integrated design (leading to less 

test phase) 

Product design guidelines are defined, DFT 

reviews are conducted. However, design 

metrics in form of technical parameters are 

available. 

 

Examples of reported product design 

guidelines: 

*Design product according to testing 

capability 

*Minimize the need for testing 

*Product specific test plan 

*Guidelines for PCB assembly (not 

documented) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product design guidelines and metrics 

are not defined. 
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*Minimise number of components to be tested 

(more sophisticated software with increase test 

coverage) 

*Maximize the use of testers 

*Ensure build in test capability 

 

Examples of available product design metrics: 

*Functionality of the product 

*Testing effectiveness 

*Testing accuracy 

*Testing lead time 

*Number of testing phases required 

Examples of reported product design 

metrics: 

*Component accessibility for testing 

*Components complying with standard 

testers 

*Standard shapes and interphases 

*Pre-tested components from supplier 

Case Company (A) Case Company (B) Case Company (C) 

Logistics  Objectives 

Well-defined performance measures and targets 

from the Logistics perspective, the main objective 

of the organisation is to minimise logistics cost and 

maximise the service level. 

 

Examples of available performance measures: 

*Number of new sales item or quantity of products 

(the most important) 

*Minimize inventory (maintenance org KPI) 

*Continuous cost reduction 

*Maximize transportability 

*Average logistics costs 

*Time on the shelf (e.g. batteries)  

*Reduction of buffer inside the transportation  

*Minimize Logistics cost  

*Increase capacity of transportation  

For RaDe: Utilization of existing logistics and 

distribution system 

Ad-hoc performance measures and targets 

are available. Logistics is less significant 

due to low shipment volume. The main 

objective of the organisation is to minimise 

the logistics costs. 

 

Examples of reported performance 

measures: 

*Packaging size and weight 

*Logistics costs 

*Consolidation of shipment 

 

For RaDe: Use of existing logistics and 

distribution system. 

 

 

 

No specific performance measures and 

targets. However, general financial 

measures related to logistics cost are 

followed. 

Logistics Product design guidelines and metrics (DFX concept) 

Product design guidelines and metrics are well 

defined and strictly followed under the scope of 

Design for Logistics (DFL) disciplines. 

 

Examples of available product design 

guidelines: 

*Product structure should support the existing 

logistics and distribution system (order 

management, order handling, distribution and 

invoicing) 

*Design the product according to size and weight 

requirements but especially according to the 

customer requirements 

*Design the product to support optimal packaging 

*Follow the detailed packaging guidelines 

available with the specification (labelling, 

procedure, etc.) 

*Design the product according to the standard 

transport and storage requirements  

*Design the product according to environmental 

transport and packaging requirements  

Product design guidelines and metrics are 

not defined, but some ad-hoc guidelines are 

available. 

 

Examples of reported product design 

guidelines: 

*Minimise the weight of components and 

product 

*Follow guidelines for certain types of 

packaging (such as label, certification) 

*Fit packaging size and weight with the 

airfreight requirement  

*Optimize the packaging size 

 

 

Examples of reported product design 

metrics: 

*Size of the product and package 

*Product design metrics related to 

customer's specific requirements 

 

 

 

 

 

 

 

 

 

 

 

 

Product design guidelines and metrics 

not available 
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*Product design should support overall 

transportation volume and reduction in packaging 

material  

*Product nature (hazardous substance) to support 

the transportation mode  

 

Examples of available product design metrics: 

*Components selected based on the guidelines for 

security restrictions  

*Number of sales that fits the distribution model 

*Product size vs. the container size  

*Packaging size for optimized transportation 

 

Case company A is found to have a well-defined performance measures for each of the 

selected supply chain processes. The associated product design guidelines and metrics are 

also in place and documented well. Case company B does not have a documented 

approach but uses the measures, guidelines and targets in an informal approach. However, 

the company is in the process of implementing the concept of DFX for future product 

development activities. Case Company C does not have a defined and documented 

approach to any of the addressed framework features.  

The maturity of the case company with respect to proposed framework features are then 

analysed based CMMI model for development. Individual maturity level stages are 

defined, and case companies’ current status of implementation capability is mapped 

according to the proposed maturity definition. 
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4 RESULTS 

This chapter of the thesis is dedicated to addressing the results and outcome from the both 

literature and empirical study. The key findings from both these phases are discussed 

separately. 

4.1 Theoretical analysis framework  

This particular thesis work has contributed in two ways. First, a supply chain process 

framework is proposed to align the product design to the existing supply chain process 

capability to ensure smooth and swift product development. This framework can be 

considered as a basic foundation for managing and controlling the supply chain process 

platforms through strategic performance measures and targets. Further, pre-defined 

design guidelines and metrics can be obtained as a derivative of the supply chain 

process targets to construct related design targets fig (16). The design guidelines and 

metrics can be considered a roadmap to design products according to specified process 

targets for both RaDe and normal product development engagements. 

 

Figure 16: Supply chain process framework 
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4.2 Maturity level analysis 

The maturity level of each the case company is determined by the CMMI model based on 

the analysed results from each interview sessions fig (17). The CMMI model is a tool to 

direct organisations in choosing improvement actions based on the maturity of their 

current state of practices. In this thesis, however, the current practices of all the three case 

company with respect to the proposed framework is represented by the defined level of 

maturity stages in the CMMI model. The definition of each maturity level with respect to 

implementation phases of the proposed framework is described below. 

Figure 17: Maturity level of the case companies with respect to Supply Chain process 

framework. 

Level 1: The framework features (Performance measures, Design guidelines, and Design 

metrics) are not defined or documented. All or some of the features are case specific and 

used individually and informally as per requirements. 

Level 2: Some of the features of the proposed framework are defined but not managed 

holistically and systematically. The interrelationships among features of the framework 

are not understood and defined. 

Level 3: The framework features and targets are defined but not quantified, and the 

framework is not embedded into the product development process workflow. The 

interrelationship of the framework features is understood and defined. 
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Level 4: The framework features and targets are defined and quantified, the 

interrelationship between the features is clear and is embedded into the product 

development process workflow for decision making. The framework is not subjected to 

improvement on a quantifiable basis.  

Level 5: The framework structure and interrelationship are clear. The framework is 

holistically improved and optimised based on the quantifiable measures or evidence.  

The summary of the current status of the framework features and their argument for the 

selected maturity level of the case company is summarized for each of the defined process 

under study Table (4).  

Table 4: Case company maturity level analysis  

 

 

Case Company A Case Company B Case Company C 

Supply management 

Maturity level : 4  

Performance measures and targets 

are clear and defined, Product design 

guidelines and metrics are strictly 

followed under the scope of Design 

for Supply management (DFSM) 

discipline. All the features are 

embedded into the workflow 

process. No evidence of 

Quantifiable improvement 

Maturity level : 2  

Performance measures and targets 

currently not very well documented 

from the Supply Management 

perspective. However, some measures 

are defined and in use. Product design 

guidelines and metrics are not defined, 

but some ad-hoc guidelines and 

metrics are available. DfX concept is 

currently in the implementation stage. 

Design targets are set for each project 

specifically. 

 

 

 

 

 

 

 

 

 

 

Maturity level : 2  

Some performance measures and 

targets are available and managed. 

Product design guidelines and 

metrics are not defined, but some ad-

hoc guidelines are available in terms 

of lessons learned.  
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Manufacturing & testing 

Maturity level : 4  

Performance measures and targets 

are clear and defined. Product design 

guidelines and metrics are strictly 

followed under the scope of various 

Design for excellence discipline. All 

the features are embedded into the 

workflow process. No evidence of 

Quantifiable improvement. 

Maturity level : 2  

Well-defined performance measures 

and targets from the manufacturing 

perspective, Product design guidelines 

are not defined, but some ad-hoc 

guidelines are available. Testing 

guidelines are available, and DFT 

reviews are conducted. DFM concept 

is currently in the implementation 

stage. Design metrics in the form of 

technical parameters available but not 

utilised systematically 

Maturity level : 1 

Performance measures and targets 

from the manufacturing perspective 

are fairly used but not defined 

adequately from a testing point of 

view measures available. Product 

design guidelines and metrics are not 

defined 

Logistics  

Maturity level : 4  

Performance measures and targets 

are clear and defined. Product design 

guidelines and metrics are strictly 

followed under the scope of Design 

for logistics (DFL) discipline. All 

the features are embedded into the 

workflow process. No evidence of 

Quantifiable improvement 

Maturity level : 1  

Performance measures, design 

guidelines, and metrics are not defined 

but used as per need. 

Maturity level : 1 

Performance measures, design 

guidelines, and metrics are not 

defined but used as per need. 

 

It is important to note that both the theoretical and the empirical study, however, did not 

give any particular insight into the interrelationship between all the performance measure 

and design guidelines. Although the association between design guidelines and metrics 

was evident from the theoretical perspective, some guidelines applicable to certain 

performance measures can be deduced during the framework analysis. However, it was 

apparent that all the interrelationship between the framework features can be realized in 

a single company single product scenario. 
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5 CONCLUSION 

In order to ensure the supply chain processes readiness for RaDe, the study proposes a 

theoretical framework to align product design with the existing supply chain process 

capability. As stated earlier the theoretical framework was formulated based on the first 

two research questions. The overall maturity level of the framework is then analysed in 

selected case companies, the maturity level analysis is reported as the answer to the third 

and final research question. 

The first research question was formulated to find out the overall strategic objectives and 

related performance measures of the three selected supply chain processes (Supply 

management, Manufacturing & Testing, Logistics). With the intention of answering this 

particular question, each supply chain process and sub-processes were studied from the 

available literature, and their related objectives and performance measures were derived 

accordingly. The overall objectives of the supply management process is to ensure a 

continuous flow of purchase materials on time at the lowest cost with minimum or no 

defects. The related performance measures can be summarised as, to achieve maximum 

on time delivery in balance with most desirable supply lead time through highly mature 

supplier relationships. Objectives of manufacturing and assembly process are to ensure 

high-quality product or part output in the least overall manufacturing and assembly lead 

time and cost by simultaneously maintaining a highly flexible in the manufacturing and 

assembly processes. From the testing point of view, the main objective is to achieve a 

high level of fault coverage or test quality and the ability to address the source of defects 

entirely at the first attempt of testing. The overall objectives from logistics can be briefed 

as, to minimise cost in the overall physical distribution of the product and assure agility, 

flexibility, and ability to adapt to rapid external changes in the product delivery. The 

significant key performance indicator includes on-time delivery, average delivery time 

and maximum logistics capacity utilisation. Similarly, the second research question was 

responded by addressing the core concept of DFX and related product design guidelines 

and metrics. The product design guidelines metrics from all three selected processes 

guides in minimising the total number of parts by part standardisation and modularization 

efforts in the product design. Further, the guidelines and metrics emphasise on adopting 

the product design to the available process capability. Finally, the theoretical framework 
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was constructed by coupling both answers of the first two research question (Table 2).The 

answer to the final research question is obtained by analysing the maturity of the case 

companies on the proposed theoretical framework based on the CMMI model.Case 

company A has a high level of maturity with well-defined framework features and 

practices in place while case company B is in the process of implementing such a 

framework and level of current is lower than case company A. Finally case company C 

has a low level of maturity on the proposed framework. 

5.1 Theoretical contribution   

From the literature review the proposed framework features (performance measures, 

product design guidelines, and product design metrics) were examined independently. 

The performance measures particular to the selected three supply chain process have been 

identified sufficiently in multiple ways in academic articles. In the literature, these 

measures are represented in repetitive nature across multiple processes or delivery 

processes in one form or the other. Hence during this study, the supply chain process 

under consideration was defined, and the general strategic objectives from these process 

were sought. Consequently, the performance measures that comply with identified 

objectives are selected from the large collection of performance measure data available 

in the literature. Similarly, the DFX guidelines and metrics were also surveyed distinctly 

from the respective DFX disciplines. A theoretical framework is hence developed based 

on these studies. Although each of these parameter’s practical benefits is addressed 

adequately in the articles, the interrelationship between these features was not available 

in studied literature sources. 

Prior to the literature review, a key assumption was made that the proposed framework 

can support both NPD and RaDe type of product development activities. From the 

literature review, the fact was established that all the identified framework features had 

been found to support individually all or either of the three main supply chain process 

parameters i.e. cost, time and quality. From the RaDe viewpoint, those features that 

emphasize on the time factor can be considered as cornerstones for implementing RaDe 

type of projects.  
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5.2 Managerial implication 

The intent of the empirical study was to identify two factors. The first criteria were to find 

out specific framework features that are not addressed in the theoretical study but is 

practiced in industries. However, it was found that all the reported measures, guideline, 

and metrics have been covered in the literature review. The second and the most important 

criteria in the empirical study was to analyse the maturity level of the case companies 

with respect to the developed theoretical framework. The stages of the current status of 

implementation of the framework were analysed based on the CMMI model. The related 

state of framework implementation process maturity was identified and mapped based on 

defined supply chain process framework criteria. 

From the empirical analysis, three distinct results are implicit. The foremost result is that 

the company which is familiar and are currently realising the similar framework features 

in the early product development phases understands and agrees with cost and time 

benefits that can be achieved in using similar framework approach. The interviewees in 

case company agree with the assumption of the framework approach and their benefit in 

engaging the key strategic measures, pre-defined design guidelines, and metrics from 

specific supply chain process for ensuring smooth and agile product development. 

Subsequent result is derived from the case company which is in processes of 

implementing the DFX concept to influence or align the product design with the existing 

supply chain process capability. The respondent from the case company approves that the 

framework can be considered a very significant tool to achieve the compatibility between 

product design and available supply chain processes. Finally, the applicability of the 

framework approach was found to be not so important in low product volume 

environment. Nevertheless, all the interviewees in the case companies clearly emphasise 

the point that in order to achieve RaDe it is important to use 100% of the existing product 

realization capability with no options of introducing new or additional competencies in 

the existing supply chain process. This approves the overall argument of the proposed 

framework scope. The succeeding contribution from this study is to suggest the case 

companies’ steps to achieve highest maturity level in implementing the supply chain 

process framework. The steps are summarized below. 



 

 

85 

Step 1: Define specific supply chain process-related performance measures and target that 

are allied to overall product development strategy.  

Step 2: Define product design guidelines and metrics based on the identified process 

targets and measures. 

Step 3: Implement the framework in the product development workflow process. And 

document the related feedbacks. 

Step 4: Optimize and improve the framework features based on the quantifiable measures 

or evidence in documented feedback.  

5.3 Research limitations  

This thesis work is based on clear research plan, multiple interviews, and qualitative facts. 

However, most of the findings in the study are based on the researcher’s understanding 

of supply chain processes from the academic study and individual interviewee responses 

in the case companies. Therefore the consistency in the general findings may deviate from 

the current conclusion if conducted in a different environment .The study is more in line 

with tangible products and a similar study on intangible products (software and services) 

may deviate the results from the current findings.Further, the consistency of the findings 

may vary if the larger number and different types of the organisation from various 

industries are included in the future research.  

5.4 Recommendation for future research 

It was found during the study that there exist an obvious conflict between the suggested 

product designs guidelines, a future work thus may be conducted to suggest a method to 

identify the level of importance of each guideline that fulfills the most significant process 

requirement. Furthermore, it was evident from the current study that proposed 

framework’s application is identified from a broad supply chain process and product 

angle, however, future study can be conducted based on a single product and single 

company, to be more specific in quantifying the benefits of the framework in terms of 

cost and time.  
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Appendix 

Appendix A: Questionnaire Model  

1. Background information  

1.1. Could you please state your name and the title of your current position?  

1.1.1. Can you give a brief description of your position such as responsibility 

and main objectives?  

2. Supply Management (procurement) process 

Relationship between supply management and product development  

2.1. How is the supply management or procurement organisation structured in the 

company? (centralized or decentralized) 

2.1.1. Can you briefly describe the supply management organisational 

structure? 

2.2. Does the supply management organisation support the product development 

activities? 

2.2.1. What is the role of supply management organisation in the product 

concept development phase? 

2.2.2. What is the role of supply management organisation in the product-

detailing phase? 

2.2.3. What is the role of supply management organisation in the product ramp 

up phase? 

2.3. Are supplier’s integration and involvement early in the product development phases 

advantageous? If yes how? 

2.3.1. Do you think it supports rapid product development? 

2.3.2. How often are the new suppliers involved at product development phase? 

Moreover, why? Is there a difference in supplier involvement between 

full-scale NPD and rapid product development projects? 

Supply management objective (targets and KPIs) 

2.4.  What are the overall objectives (targets and metrics) of supply management? 

2.4.1. What are the targets and KPIs to minimize the cost? 

2.4.2. What are the targets and KPIs to maximize purchase quality? 

2.4.3. What are the targets and KPIs to maximize on time delivery? 

2.4.4. What are the targets and KPIs to maximize resource productivity? 

2.4.5. What are the targets and KPIs to reduce purchase risk? 

2.4.6. What are the targets and KPIs to optimize order quantity? 

2.4.7. What are the other strategic targets and KPIs in supply management 

2.5. Which of these targets are more applicable for rapid product development? 

2.6. How many suppliers does the company work with?  

2.6.1. How many of them are contracted and qualified? 

2.7. What are the main criteria for Make or Buy decisions? 

2.8. What are the criteria and stages of supplier selection in the company? 

2.9. What is the sourcing strategy for critical components? (Multiple, double or single 

sourcing)? 

2.10. What is the average lead-time and man months taken to contract and qualify a 

supplier? 

2.11. What is usual cycle time from purchase to delivery? What are the factors 

influencing cycle time? 

2.12. What are the performance management tools used in the supply management? 

Product design guidelines from supply management point of view  

2.13. What are the product design guidelines from supply management point of view? 

Such as design for supply management guidelines (DFSM)? 

2.13.1. How do they support rapid product development? 

2.14. Does these product design guidelines influence to product design?  



 

 

2.15. Do you consider that the standardization of the components can support the supply 

management organisation and its processes? If yes how? 

2.16. Do you consider that product modularization can support the procurement 

organisation and its processes? If yes how? 

2.17. Do you consider that the product structure concept can support the procurement 

organisation and its processes? If yes how? 

2.18. Do you think that the product process based product design can support 

procurement organisation and its processes? If yes how?  

2.19. What are the product design guidelines to support the reduction of product 

complexity and the increase of commonality in the product design? 

Product design targets and metrics from supply management point of view  

2.20. What are the product design targets and metrics from the supply management point 

of view? 

2.20.1. From the cost point of view? 

2.20.2. From the purchase quality point of view? 

2.20.3. From the on time delivery point of view? 

2.20.4. From the resource productivity point of view? 

2.20.5. From the purchase risk point of view? 

2.20.6. Other? 

2.21. For a particular product to be developed, what is the typical target and actual 

distribution of components and materials supplied from: 

1) Existing (qualified & contracted) suppliers 

2) Familiar (qualified) suppliers 

3) New (no contracted, no qualified) suppliers 

2.22. What are the product design targets and KPIs to use and measure the share of 

multiple, double or single sources for critical components? 

2.23. Which of these product design targets and KPIs are relevant to rapid product 

development? 

 

3. Manufacturing & Testing process  

Manufacturing (Production, Assembly, etc.) 

Relationship between manufacturing and product development  

3.1. How are the manufacturing organisation structured in the company? (centralized or 

decentralized) 

3.1.1. Can you briefly describe the organisation structure? 

3.2. How does the manufacturing organisation support the product development activities?  

3.2.1. What is the role of manufacturing organisation in the product concept phase? 

3.2.2. What is the role of manufacturing organisation in the product detailing phase? 

3.2.3. What is the role of manufacturing organisation in the product ramp up phase 

3.3. What is the extent of utilization of the existing manufacturing technology for new products 

3.3.1. When and why are new manufacturing technologies introduced within your 

product development? 

Manufacturing objective (targets and KPIs) 

3.4. What are the overall objectives (targets and metrics) from manufacturing process point of 

view?  

3.4.1. What are the targets and KPIs to improve the product cost performance? 

3.4.2. What are the targets and KPIs to maximize product quality? 

3.4.3. What are the targets and KPIs to minimize manufacturing cycle time? 

3.4.4. What are the targets and KPIs to maximize resource productivity? 

3.4.5. What are the targets and KPIs to maximize manufacturing efficiency? 

3.4.6. What are the targets and KPIs to maximize inventory value? 

3.4.7. What are the other strategic targets and KPIs in manufacturing? 

3.5. Which of these targets are more applicable for rapid product development? 

Product design guidelines from manufacturing point of view 



 

 

3.6. Is there any Design for manufacturing (DFM or DFMA) guidelines or methods available? If 

yes, what are they? How do they support rapid product development 

3.7. Does product structure influence the manufacturing? If yes how?  

3.8. Can you clarify existing standardization and modularization effort if any? 

3.9. What parameters of the product design influences the existing manufacturing technology? 

(component optimization) 

Product design targets and metrics from manufacturing point of view  

3.1. What are the product design targets and metrics from the manufacturing point of view? 

3.1.1. From the cost point of view? 

3.1.2. From the manufacturing quality point of views 

3.1.3. From the manufacturing cycle time point of view? 

3.1.4. From the resource productivity point of view? 

3.1.5. From the inventory value point of view? 

3.1.6. From the manufacturing efficiency? 

3.1.7. Other? 

Testing  

Relationship between testing and product development  

3.2. How are the testing organisation structured in the company? (centralized or decentralized) 

3.2.1. Can you briefly describe the organisation structure? 

3.3. Does the testing organisation support the product development activities? 

3.3.1. What is the role of the testing organisation in the product concept phase? 

3.3.2. What is the role of the testing organisation in the product detailing phase? 

3.3.3. What is the role of the testing organisation in the product ramp up phase? 

3.4. Can you describe stages in design verification processes? (test conducted before mass 

production test) 

3.5. Can you describe stages production testing processes or test flow? (test conducted during 

mass production test) 

3.6. Do you consider integrating testing and testing processes into production processes 

beneficial? If yes how? 

3.7. Can you describe your development (design verification) and manufacturing test plan? 

3.8. What manufacturing test technologies (software & hardware) and methods (variation charts 

for e.g. X charts and R charts) used? 

3.8.1. What is the extent of usage of existing testing technologies and methods for new 

products? 

3.8.2. When are new test technologies and methods developed for new products?  

3.8.3. What is the share of usage of manual and automatic test technologies? 

3.9. Is there any product design test strategy defined during early product development? If yes, 

can you describe them?  

Testing objective (targets and KPIs) 

3.10. What are the overall objective (targets and KPIs) from the testing process point of 

view?  

3.10.1. What are the targets and KPIs to minimize the product testing cost? 

3.10.2. What are the targets and KPIs to maximize product-testing quality? 

3.10.3. What are the targets and KPIs to minimize product-testing lead-time? 

3.10.4. What are the targets and KPIs to maximize utilization of testing facility? 

3.10.5. What are the targets and KPIs to maximize product testability and accessibility, 

3.10.6. What are the targets and KPIs to improve port utilization & operation rate? 

3.10.7. What are the other strategic targets and KPIs in testing? 

3.10.8. Which of these targets are more applicable for rapid product development? 

Product design guidelines from testing point of view 

3.11. What are your product design guidelines from the testing point of view? 

3.12. Do you have design guidelines for embedded product testing? 

3.13. Do you have a defined product design guidelines for the following 

3.13.1. Component testing  



 

 

3.13.2. Printed circuit board assembly 

3.13.3. Module testing  

3.13.4. Final assembly testing 

3.14. Do you think testing equipment compatibility with custom test fixtures is 

beneficial? If yes how do you think, product design can influence testing fixtures. 

Product design targets and metrics testing point of view  

3.1. What are the product metrics to measure the defined design targets from the testing point 

of view? 

3.1.1. From the product, testing cost point of view? 

3.1.2. From the product testing quality point of view? 

3.1.3. From the product testing lead-time? 

3.1.4. From the utilization of testing facility point of view? 

3.1.5. From the product testability and accessibility point of view? 

3.1.6. From the port, utilization & operation rate point of view? 

                                                                             

4. Logistics Process 

Relationship between logistics and product development  

4.1. How the logistics organisation structured in the company? (centralized or decentralized) 

4.1.1. Can you briefly describe the organisation structure? 

4.2. Does the logistics organisation support the product development activities? 

4.2.1. What is the role of logistics organisation in the concept development phase? 

4.2.2. What is the role of logistics organisation in the detailing phase? 

4.2.3. What is the role of logistics organisation in the ramp up phase? 

4.3. What is the extent of utilization of the existing logistics and distribution system? 

4.3.1. When & why are new logistics and distribution system introduced in your product 

development? 

Logistics objective (targets and KPIs) 

4.4. What are the overall objectives (targets and KPIs) from logistics process point of view?  

4.4.1. What are the targets and KPIs to minimize the logistics cost? 

4.4.2. What are the targets and KPIs to maximize the service level? 

4.4.3. What are the targets and KPIs to maximize resource productivity? 

4.4.4. What are the targets and KPIs to maximize transportability? 

4.4.5. What are the targets and KPIs to optimize material handling and movement? 

4.4.6. What are the other strategic targets and KPIs in logistics? 

4.5. Which of these targets are more applicable for rapid product development? 

Product design guidelines from logistics point of view 

4.6. What are your product design guidelines from the logistics point of view? 

4.7. Is there any guidelines or methods available for  

4.7.1. Design for Logistics (DFL)  

4.7.2. Design for Packaging (DFP) 

4.7.3. Design for Transportability 

4.8. What parameters of the product design influences the existing logistics and distribution 

system?  

Product design targets and metrics logistics point of view  

4.9. What are the product design targets and metrics from the logistics point of view? 

4.9.1. From the logistics cost point of view? 

4.9.2. From the service level point of view? 

4.9.3. From the resource productivity point of view? 

4.9.4. From the transportability point of view? 

4.9.5. From the material handling and movement point of view? 

5. Do you consider the proposed framework supports rapid product development 

projects? 

 
Did the interview bring something relevant that we did not discuss?  


