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Abstract - This paper aims to explore the use of Knowledge Based Engineering (KBE) as tool for lean product design and 
development. This research is to present an innovative way of using Lean Knowledge Life cycle (LKLC) to develop rules 
which can be used to support lean product design and development. This research will provide a methodology for identification 
of existing knowledge, knowledge capturing and knowledge sharing for product design and development for SMEs by using 
lean knowledge life cycle. Furthermore, these developed rules will be utilized along with other lean enablers for development 
of complete knowledge based engineering system to support lean product design and development.  
 
Index Terms - Lean Product Design and Development, Knowledge Based Engineering, Lean Knowledge Life Cycle.  
 
I. INTRODUCTION 
 
In today’s competitive global market, companies strive 
to provide good products having greater value and low 
cost and therefore employ best product development 
strategies. Lean thinking is a philosophy which just not 
only increases the value but also reduces the wastes. 
World leading companies, especially companies in 
Europe are motivated to apply lean thinking in their 
product design and development. The aim of the 
research is to give the detail of knowledge based 
engineering, a lean enabler which can be used to 
support lean product design and development. It is 
expected that knowledge based engineering will 
provide a new direction for designers, manufacturers 
and product development team members.  
 
II. RELATED WORK 
 
Generally, a product is defined as a good, service, 
place, organization or an idea being produced or 
created. In author’s research products are objects 
which are manufactured for the end user, which is a 
customer. The main aim of product development is to 
provide the product at lower production costs, good 
quality and quick access to market which provides 
customer satisfaction[4], [7].Product development is 
the number of activities starting with the awareness of 
a market prospect and finishing in the production, sale, 
and provision of a product [5], [11]. Lean is one of the 
important and most applicable philosophies; it is not 
static at all and the definition is expanding with the 
passage of time. Initially lean was adopted to reduce 
waste and get more output with minimum resources. 
Now it is a concept for creating value along with the 
waste reduction [3]. Lean manufacturing was the first 
arena of lean thinking and was developed for the shop 
floor to reduce the waste and increase value [13]. After 
getting fruitful results from lean thinking at shop floor 
level, efforts were made for developing lean tools and 
models for enterprise and it resulted into lean 
enterprises. Unfortunately lean enterprise has not been  

 
adopted by many industries except aerospace industry 
[2]. Lean product design and development is relatively 
a new field. In past, much work has been done on lean 
manufacturing and lean enterprises.Lean product 
development is an organized approach for developing 
products and their related production processes in a 
knowledge based continuous improvement 
environment, which focuses on the creation of value, 
and results in the reduction of waste [6], [8].In-order to 
survive and grow faster than their competitors, the lean 
product development team emphasizes on creating a 
knowledge-based continuous improvement 
environment [10], [12]. Lean knowledge life cycle has 
been developed [9] by using knowledge based 
engineering but practical work is missing in it. In this 
field, research work has been done in three main stages 
of lean knowledge life cycle which are knowledge 
identification, previous product and domain 
knowledge capture, knowledge representation and 
knowledge sharing. Knowledge identification is 
difficult and requires much effort. In the same way 
knowledge sharing is not possible without knowledge 
capturing[1] 
 
III. RESEARCH METHODOLOGY  
 
The research methodology is composed of three phase, 
as presented in Figure -1. It consists of literature 
review and study of data provided by industry, 
development of rules by using Lean knowledge life 
cycle and validation of these rules by experts’ opinion. 
The first phase is related to gain a contextual 
understanding of lean product design and 
development. An extensive literature review on the 
issue of product development process, lean thinking, 
lean manufacturing, lean product design and 
development, knowledge life cycle and lean 
knowledge life cycle for lean product design and 
development has been performed. Along with this 
sufficient data was obtained from industry to study the 
current methods and techniques for lean product design 
and development. Second phase is to develop rules for 
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product design and its manufacturing by using lean 
knowledge life cycle [9]. The third phase is related 
with the validation of the developed rules, which was 
done by means of qualitative assessment. The 
validation was performed in two stages. In first stage, 
the proposal was validated through a case study. The 
objectives of the validation by case study were to avoid 
unfairness, and reliability issues. Case study was about 
designing and manufacturing of a threading tap. In 
second stage 5 interviews were conducted with product 
design and manufacturing experts. Work related to 
development of design and manufacturing rules was 
demonstrated to the experts and their feedback was 
captured using a detailed structured questionnaire. The 
aims of the interviews were to assess the validity and 
generalizability regarding developed rules. An 
iterative process was followed whereby modification 
to the rules was made based on the feedback received. 
 

Phase – 1 
Literature Review

Phase – 2
Development of Rules

Phase – 3
Validation of 

Developed  Rules

 
Fig 1: Research Methodology  

 
IV. RULES FOR PRODUCT DESIGN AND 
DEVELOPMENT BY USING LEAN 
KNOWLEDGE LIFE CYCLE 
 
In this research, the lean knowledge life cycle proposed 
by Maksimovic et al. (2011) has been employed to 
identify, capture and share knowledge lean product 
design and development. This Lean Knowledge Life 
Cycle (LKLC) consists of seven steps. In this research 
only four steps will be utilized. The detail of each 
knowledge life cycle stage along with it’s usability is 
given as: 
A) Knowledge Identification: 
The first stage of the knowledge life cycle is 
knowledge identification. Principally it is an initial 
planning stage, where the knowledge required for a 
specific problem is identified. In order to identify the 
knowledge for this research, a number of interviews 
with the product development teams and 
manufacturing units were conducted to identify the 
required knowledge. Similarly a detailed literature 
review was carried out. Since the research is related to 
lean product design and development therefore, all the 
necessary data was identified, which include the 
machines information, materials’ capability, product 
design methods, etc.  
B) Previous Product and Domain Knowledge Capture:  
In this stage, the knowledge highlighted in the 
knowledge identification stage is captured. In the case 
of manufacturing of threading taps it was identified 
that the company was using manufacturing standards 
to design the product. Any fault coming in their design 
was informed to them and they were correcting it for 

the time being and it was not kept in record. Therefore 
design and manufacturing rules were captured and 
brought in express form. In addition, the machines and 
material information can be collected and can be stored 
in a database. 
C) Knowledge Representation:  
Once the knowledge is identified and captured, it is 
required to be presented in a form which can easily be 
transformed into a knowledge-based engineering 
application. In this research, the knowledge captured in 
stage two is presented in the form of rules. The 
captured knowledge is validated through industrial 
representatives to eliminate mistakes in these rules 
before they can be used in lean product design and 
development. In figure 2 important dimensions 
regarding design of a threading tap are given. 
a) Rules for Product design / Parameters identification 
If 
It is to design a Threading Tap by using BS-949 
(Screwing Threads)  
(Additional Rule) 
Then 
Recommended is to calculate Major, Minor and 
effective diameters by using DIN 13  
Major Diameter = Basic major diameter +3(0.025 √hs) 
Effective diameter = Basic Effective diameter + 
(0.025√hs) + 0.013 √D) + 0.0252 √hs) 
Minimum Diameter = Minimum Diameter of Bolt 
Where 
hs= Thread depth in mm =0.613434                         
  D=Basic major diameter in mm 
P=Pitch                                       
L=Length of thread on Tap 
By using standard BS 949 (For M 30) 
All other values can be found from i.e. basic diameter, 
shank length, thread length, overall length and number 
of flutes. 

 
Fig 2: Important Dimensions in Threading Reamer 

 
b) Rules for materials’ manufacturability 
If 
The material is High Speed Steel        
 AND 
Manufacturing processes are 
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• Material cutting 
• Turning 
• Milling 
• Heat treatment Processes 
• Cylindrical Grinding  
• Thread Grinding 
• Cutter Grinding 
• Engraving                 
Required Hardness of material is 850- 900 VPN  
 AND 
(Additional Rule) 
Then 
The material is manufacture able in manufacturing 
facility 
c) Rules for machines’ availability in the 
manufacturing facility 
If 
The material is High Speed Steel        
 AND 
Manufacturing processes is turning       
 AND 
Operations to be performed are:- 
Rough Turning 
Facing 
(Additional Rule) 
Then 
L001 is the suitable machine available in the 
manufacturing facility 
L001 is center Lathe machine 
d) Rules for machine’s capability to manufacture the 
component  
If 
The component material is high speed steel   
 AND 
The part feature is Rough Turning and Facing  
 AND (Additional rule) 
Then 
L001 is available in the manufacturing facility and it 
has the capability to process the component 
L001 is a center lathe machine 
D) Knowledge Sharing:  
The aim of this stage is to share the knowledge with all 
stakeholders so that they may access the knowledge in 
order to view it or modify it when changes in the 
product occur. In this research the captured knowledge 
was taken in the expressed form and provided to the 
SMEs so that they can keep it in record and can be 
easily used for   development of a Knowledge data base 
system. Similarly the captured knowledge was used to 
create process picture map,so that it can be used easily.  
 
V. VALIDATION OF DEVELOPED RULES 
 
The purpose of this section is to describe the validation 
of developed rules through case study of design and 
development process of threading taps, from a small 
manufacturing industry, as well as qualitative 
validation with experts from different fields. The 
intention of validation through case study and experts 
is to ensure the quality and strength of the research. 

A) Validation through experts’ opinion 
The validation through experts’ opinion was executed 
by     different experts of related field i.e. designing 
expert, lean product design and development, and 
manufacturing expert. The reason behind this method 
was to analyze the experts’ views about the differences 
they feel after gathering the data and using it to 
transform into rules. For example, the designer has a 
particular opinion about designing and using different 
standards. A total number of five face to face 
interviews were performed in the validation of 
developed of rules. Details of the experts involved in 
the validation study are provided in Table 1. 
 

Table 1: Details of experts involved in validation 

 
 
B) Methodology for Experts’ Validation 
In validation methodology for developed rules by 
experts first of all, a brief presentation of about 10 
minutes was made and presented to the experts. The 
purpose of this presentation was to explain the aim, 
objectives and structure of the development of rules by 
using lean knowledge life cycle. Similarly face to face 
interviews were employed in the validation process.   
After that the experts were asked to fill in the 
validation questionnaire and following results were 
deducted. 
C)  BENEFITS OF USING DEVELOPED RULES 
1) Benefits for Development Team: 
Experts told that use of these rules will speeds up the 
selection process during the design stage up to select 
alternative options. They also explained that small and 
medium enterprises (SMEs) have the capability to 
manufacture a large range of products because of the 
availability of a number of machines. The developed 
rules can provide a good solution for those companies. 
In additions; the mistake prevention reduces the wastes 
at the early design stage.  
2) Benefits of Knowledge-Based Engineering 
Consideration in the Developed Rules: 
Experts stated that material manufacturability, 
machines’ availability and capability identification 
rules, will help to develop reliable results. 
3) Strongest Features in Developed Rules 
Experts highlighted that the proposed rules will be 
easily used for product design and development as they 
will create the actual results. We can see that all of this 
data is available in any manufacturing unit. Only what 
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is to do is to manage all the things in a systematic 
manner and generate the results.  
D)  Limitations of Using Developed Rules 
Experts highlighted that the companies manage their 
data in their own legacy system; therefore the 
technique of developing rules by using knowledge 
based engineering should be capable of integrating 
with that system. An expert stated that each 
organization requires the subjective data as per their 
manufacturing technology and therefore it is necessary 
to add more manufacturing processes when developing 
rules for product design and development.  
 
CONCLUSION 
 
This research has presented a review of techniques, 
tools and methodologies for lean product design and 
development. The developed rules by using lean 
knowledge life cycle are experimental rules which are 
capable of setting conditions for advice on 
implementing lean product design and development. 
The research highlights that these rules can be further 
used along with any other lean enabler and by different 
databases for development of an application for lean 
product design and development.  
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