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INTRODUCTION

Global competition has originated from the 
socio-technical effects that forced the organiza-
tions to adopt the approaches for product devel-
opment with low cost, high quality and shorter 
lead time [1]. Such a challenging environment 
encourages the companies to discover improve-
ment opportunities in their current product devel-
opment process. Among different product devel-
opment methods, lean thinking has been consid-
ered the most appropriate way to overcome the 
above-mentioned challenges. Lean thinking is the 
philosophy of maximizing the value while mini-
mizing the waste [2]. It has provided substan-
tial improvements and gains to manufacturing, 
management, product safety and health cares, 
amongst other sectors [3-6]. Most of the compa-

nies have applied lean thinking to their manufac-
turing processes to enhance productivity [7, 8]. 
Considerably less effort has been done to apply 
lean thinking in product development. 

Currently, in any application of lean thinking 
approaches, lean product development (LPD) is 
of paramount significance. It was based on the 
Toyota’s product development process [2] which 
focuses on three product development elements, 
namely (i) value (ii) knowledge and (iii) im-
provement. During the last two decades, many 
researchers worked on lean product development 
(LPD). Hoppmann et al., [9] developed a frame-
work for organizing lean product development. 
A content analysis was used to explore the exist-
ing approaches and integrated them with a single, 
articulate framework consisting of eleven lean 
product development components. A theoretical 
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investigation of components interdependencies 
was conducted to better understand the novel def-
inition of lean product development. Al-Ashaab 
et al., [10] developed and applied the lean prod-
uct development performance measurement tool. 
It helps to identify the position of an organiza-
tion in the lean product development journey in 
relation to the lean principles. The developed tool 
was employed in two organizations (aerospace 
and automotive) in order to validate the accuracy 
of the tool in evaluating and describing the start-
ing conditions for espousing lean principles and 
practices. Khan et al., [11] introduced the concept 
of value (first lean principle) in product devel-
opment by describing that in any application of 
lean thinking, the first step is to define value. It 
demonstrated the need to identify and represent 
value from the product development perspective. 
A subjective and objective fuzzy based AHP (an-
alytical hierarchy process) model was proposed 
by Aikhuele and Turan [12] with the objective 
of prioritizing the LPD practices. The proposed 
model was based on the newly defined evaluation 
matrix and it has the advantage of completely 
eradicating repetitive modification of data. Khan 
[13] constructed an innovative model which 
supports the implementation of lean thinking in 
product development. Through the collaboration 
of European manufacturing companies, the mod-
el provides the process for conceptual develop-
ment of an engineering project. The constructed 
model was then implemented in two case studies. 
It was concluded that the LPD model addresses 
various industrial challenges including the cus-
tomer value, communication, and innovation. By 
focusing on the conceptual design, the model is 
expected to reduce the design rework. Similar re-
views of research progress in LPD can be found 
in the literature [14-23]. It provides the customers 
with most innovative products according to their 
interest. However, the literature review highlight-
ed that the available tools that aim at measuring 
performance are focused on lean principles. They 
did not consider the lean tools, strategy, improve-
ments, and even did not evaluate the product de-
velopment system as a whole. Therefore, to ad-
dress this need, a novel lean product development 
model has gained importance to improve the ex-
isting traditional manufacturing systems.

In order to check the efficiency and control of 
the developed tools, processes and system against 
the set target or current traditional manufacturing 
systems, performance measurement is necessary 

[24, 25]. Key performance indicator (KPI) was 
one of the most widely used tool for performance 
measurement in an organization[26]. Research-
ers have developed different tools for measuring 
the performance (qualitative/quantitative) of an 
organization in product development. Al-Ashaab 
et al., [10] used lean product development per-
formance measurement tool to assess the current 
position of an organization in the lean journey. 
Griffin [27] used a matrix for measuring cycle 
time of product development. Haque and Moore 
[16] developed a performance matrix for measur-
ing the performance (total cost, number of design 
changes, percentage of new parts and total value 
of engineering outputs) of the aerospace industry. 
Wasim et al., [28] used a matrix for communi-
cating alternatives for assessing the relationship 
of values for different alternatives in product 
and process development. An AHP based quan-
tification method was used to select the optimum 
solution (such as an alternative with maximum 
quantification number would be selected as an 
optimum solution). A performance measurement 
survey was conducted by Driva et al., [29] to 
improve the decision making during the product 
development process in manufacturing organiza-
tions. It is important to mention that the previ-
ously described performance measurement tools 
were based on the economic features, manage-
ment satisfaction, time to market and number of 
trials before production. They did not focus on 
the operational performance (higher utilization 
rate, system value added time, system work in 
process time and lower total time in system, aver-
age waiting time and total number of resources) 
of product development system as a whole. It 
has been well documented that the financial re-
sults lag behind the operational improvements in 
product development [30]. While quantifying the 
success of product development, there is a need 
to go beyond the non-operational features. The 
operational features should also be included as 
well. Therefore, a need for a tool to address all 
the operational performances exists. 

Furthermore, the decision to modify the 
current product development (PD) practices in 
a company is very difficult due to a substantial 
difference between the traditional (current) and 
proposed approaches. These differences make it 
difficult for top management to measure the ben-
efits to be accomplished by executing the pro-
posed model for manufacturing companies. At 
the end, the decision to implement the modified 



Advances in Science and Technology Research Journal  Vol. 13(1), 2018

130

model must be constructed on the combination 
of faith, the experience of other manufacturing 
experts and universal rule of thumb on the ex-
pected benefits. For top management, this rule of 
thumb is not enough to prove them to implement 
the proposed PD system. What is desired is a tool 
to assist the top management in quantifying the 
benefits they are expecting to achieve by imple-
menting the proposed model. It must empower 
the top management to measure the performance 
in absolute terms and, most prominently, com-
parison with the well under-stood current product 
development model that it is designed to replace. 
A hypothesis that discrete event simulation would 
provide such a tool was made in this research. A 
simulation measures the performance improve-
ments that can be expected by applying the pro-
posed model [31]. Finally, simulation through an-
imation delivers the visual description to the top 
management of how the proposed system design 
would work. 

From the above-mentioned literature, it was 
investigated that limited work has been done on 
the conceptual design stage of lean product devel-
opment. Researchers mostly considered the non-
operational benefits (cost) of implementing lean 
product development. Operational benefits (utili-
zation, work in process, number of resources used 
etc.) also play a vital role in assessing the effi-
ciency of lean product development at this stage. 
Additionally, the literature showed that a need for 
using tools in order to assist the decision makers 
in assessing the benefits of modifying the models 
currently practicing before final implementation 
exists. This research work bridge this gap with 
the aim to measure the benefits of transforming 
to lean product development. Simulation models 
were developed to replicate the behavior of cur-
rent and proposed approaches of company under-
study. The proposed model was implemented in 
a manufacturing company of Pakistan. The com-
pany is famous for high-volume manufacturing of 
water pumps.

This research paper was organized as fol-
lows: section 2 illustrates the assessment of cur-
rent working model following by section 3, which 
discusses the proposed model. Section 4 explains 
the modelling and simulation experiments in 
which simulation models of current and proposed 
LPD models were developed and run. Discussion 
of results is mentioned in section 5 followed by 
section 6 which discusses the concluding remarks 
regarding research accomplishment.

ASSESSMENT OF CURRENT WORKING 
MODEL

The system under study is the manufactur-
ing system of a private company in Pakistan. The 
company is famous for producing customized, 
quality products and for excellent services. The 
core work of the company is to design and cast the 
water pumps and valves for water and wastewa-
ter services. Sand casting process is employed to 
manufacture the products. The product develop-
ment process consists of many steps including (i) 
product order receiving and mapping (ii) product 
design (iii) production (iv) machining (iv) cost 
accounting (v) quality testing (vi) packaging and 
transportation. The system used multiple, iden-
tical blocks and cells to perform different jobs 
during product development process. These cells 
are either fully staffed or shut down as product 
demand dictates. This research work links with 
design and cost estimation cells. 

Additional features for current manufactur-
ing system include the following. A customer 
places order via an electronic ordering system. 
The incoming product values are mapped with 
the previously available product design values 
in the knowledge database. If the product is the 
same as previously manufactured products then 
it is sent directly to a foundry block for produc-
tion otherwise it is moved to the design depart-
ment where the designer designed the product by 
adding essential values (form and features) into 
it. The designer forwarded the developed design 
to a foundry shop where its production started us-
ing the sand casting process. When the product is 
manufactured, it is sent to testing laboratory for 
conforming the mechanical properties required 
by the end-user. After casting and testing proper-
ties, the product was directed to production de-
partment where the product was machined and 
proper surface finish was performed in order to 
attain the required product geometry. If the cast 
product is one assembly, then it is directly sent to 
the cost estimation cell and if the machined part 
is the subassembly of the final product then it is 
directly forwarded to the assembly section where 
it is assembled with other products to form the 
final product and then sent to cost estimation cell. 
In the cost estimation cell, the cost estimator sets 
the cost of the product and the product cost data 
is sent to the finance cell and quality cell. In the 
quality cell, the product is passed through quality 
checks to confirm that the final product meets all 
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the requirements demanded by the customer. If 
the product meets the target quality checks, then 
the product is stored in the storage cell for pack-
ing and shipment purpose. If the product fails to 
meet the quality checks, then it is considered as 
a defective part or scrapped. The schematic dia-
gram of current working model of understudy 
manufacturing system is shown in Figure 1.

From the current model, it was found that 
there was no integration design and cost estima-
tion cells, which resulted in high job floor trials 
due to the changes requirements to fulfill the 
target cost. Such job floor trials required con-
siderable resources, which ultimately resulted in 
high profit loss. This challenge was addressed by 
transforming the current model to the LPD model 
described in the following section.

PROPOSED MODEL

Since there is an opportunity to modify the 
current working model of the manufacturing sys-
tem, it should be noted that the existing system 
is already practicing some lean concepts such as 
flexible environment to meet the deviating de-
mands of different products, each workstation is 
labelled with standardized working charts, visual 
control and 5S are being followed in the assem-
bly cell and for parts stored in the exchange area 
and Poke-yoke principles for scanning each op-
eration to ensure all parts are in a product con-

tainer. In addition, the existing system is planning 
to implement 6-sigma technique for improving 
the process and eliminating defective parts from 
manufacturing to transactional and from product 
to service. The aforementioned lean concepts are 
being implemented when production starts. The 
company still needed lean tools for improving the 
capabilities of designers at the conceptual design 
stage of product development. It showed that the 
company has the potential to be transformed into 
the LPD model by implementing the certain ac-
tions. The developed framework for proposed 
model is shown in Figure 2. The author recom-
mends the following modifications to the current 
working model.

Integration of design and cost estimation cells

The designer is asked to estimate the product 
cost while designing the product at the initial de-
sign stage. If it meets the target cost, then it is sent 
to the foundry block, otherwise the designer is re-
quired to remodify the design to meet the target 
cost. The integration of design and cost estima-
tion cell will help in reducing the job floor trials 
and less time it will take to launch the product 
onto the market. 

Equip the designer with lean enablers 

In order to improve the end products and the 
competency of an organization to develop prod-

Fig. 1. Schematic diagram of working of current manufacturing system model
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Fig. 2. Framework for proposed model

ucts, researchers have proposed that the appli-
cation of lean thinking in product development 
will bring significant results [11, 32, 33]. It has 
provided considerable improvements and gains 
to manufacturing companies such as designer’s 
utilization. In the proposed model, the authors 
planned to incorporate four lean enablers, namely 
(i) Product value (ii) Knowledge-based Engineer-
ing (iii) Set-based Concurrent Engineering and 
(iv) Poke-yoke (mistake proofing). Their descrip-
tion is given below: 

Product Value

In today’s customer-centered era, the product 
value has become the main concern for manufac-
turing companies. The first step in any application 
of lean thinking is to define value [11]. Product 
value lean enabler allows the designers to cat-
egorize and represent the values during product 
development. It is a value-added process of cap-
turing and transforming value from the custom-
er’s minds to designers that would enable better 
elicitation of requirements and the development 
of value-focused products. According to Morgan 
and Liker [34], the definition of value has signifi-
cant importance. Without proper understanding 
of values, an organization would struggle to iden-
tify value, communicate value effectively and de-
veloping product with a shear understanding of 
values in product development. In this research 
work, the value identification process adopted by 

Mele [35] was divided into four phases namely 
(i) value definition (ii) value creation (iii) value 
delivery and (iv) value assessment with the aim 
to satisfy the interest of customers and all relevant 
stakeholders. 

Knowledge-based engineering

Knowledge-based engineering (KBE) is used to 
support set-based concurrent engineering and prod-
uct value lean enablers as it provides the informa-
tion data regarding the product design. It provides 
the opportunities to companies to grow faster than 
their competitors and survive. The main objective 
of this lean enabler is to maximize the learning. It 
allows the designers to make more robust decision 
making in short time as it ensures the dynamical 
capture and reuse of the knowledge gained through 
the development of sets of alternative design solu-
tions. KBE also comprises the knowledge life cy-
cle, making sure knowledge is delivered to the right 
place and at the right time [19] .

Set-base concurrent engineering (SBCE)

Set-based concurrent engineering is consid-
ered as the core enabler, as it represents the pro-
cess that guides the designer in developing prod-
ucts design under lean environment. It is defined 
as the process where different alternatives of so-
lutions for product design are developed in paral-
lel. On the basis of the knowledge gained through 
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simulation, prototyping, design rules (poke-yoke 
rules) and experimentation, designers gradually 
narrow their sets of solutions with the progression 
of design until a final single solution is obtained.

Poke-yoke (Mistake proofing)

Poke-yoke lean enabler also supports SBCE. 
It is used to avoid mistakes at both conceptual 
and detailed design stage of product develop-
ment. It helps the designer to avoid mistakes 
while making a decision regarding the product 
development alternative selection such as mis-
take elimination during product material selec-
tion, product design selection etc. For this pur-
pose, poke-yoke rules (if-then), which cover 
each alternative solution, are developed. The 
designer keeps these rules in view while select-
ing a suitable alternative (single solution). An 
example of poke-yoke rule is given below:

Poke-yoke rule for casting material selection
IF
Casting part is volute casing of pump assembly 
AND 
Required assembly application area is high pres-
sure water services 
AND
Required tensile strength of casting is >400 MPa 
AND
Required hardness of material is >= 200 HBN 
AND 
Any additional rule
Than C9001 is selected material
C9001 is cast iron 

Additional features of framework for pro-
posed model (Figure 2) for LPD system can be 
described as below.

With the arrival of a new product, it is mapped 
with the previously developed products in the 
knowledge database. If it is the same product as 
the previously developed, then the product data is 
sent to the foundry after adding some necessary 
values (if they are demanded by the customer) 
and production starts. In case if there is no data 
exists, then it is directly send to design and cost 
estimation department, which is working under 
lean environment. In this department, the very 
first step is to identify the product values. The de-
signers are asked to identify value (customer val-
ues, company values, other stakeholders) and set 
target against each value. Tools and approaches 
are developed in this model to identify the values. 

Each designer is asked to design a set of alter-
native solutions to optimize (acceptable) product 
values. A novel set-based concurrent engineer-
ing lean enabler has been developed to help the 
designer in creating set of alternative solutions. 
On the basis of knowledge gained through knowl-
edge-based engineering, simulation, prototyping, 
design rules (poke-yoke rules) and experimenta-
tion, designers gradually narrow their sets of so-
lutions with the progression of design until a final 
single solution which meets the target values is 
obtained. Once a final design is selected, which 
remains the same throughout the product life cy-
cle, a detailed product design analysis is conduct-
ed and the data is sent to foundry for production 
start using the sand casting process. 

After casting and testing the required me-
chanical properties, the product is directed to the 
production department where different post-cast-
ing operations (cutting, milling, drilling etc.) are 
performed in order to attain the required product 
geometry. If a casted product is one assembly, 
then it is directly sent to the storage cell and if 
the machined part is the subassembly of the fi-
nal product then it is sent to the assembly section 
where it is assembled with other products to form 
the final product and then sent to storage cell for 
packing and shipping purpose.

MODELLING AND SIMULATION 
EXPERIMENTS 

A detailed simulation model was developed 
based on implementation of proposed modifica-
tions to measure the benefits. For this purpose, 
Simulink-MATLAB software was used. It starts 
with the model development for the current sys-
tem, which was further modified to the LPD 
model. Extensive effort was made to verify and 
validate the input data where careful suggestions 
by experts were studied and a review of model 
performance and numerical outcomes was ana-
lyzed for the current system. The verification 
process ensures that the simulation model mimics 
the real world. In this process, various entities are 
traced from the point of creation to the end of the 
system. They include the checking of the codes, 
model logic and experimental conditions verifica-
tions. In order to verify that model replicates the 
real system, a detailed animation was used. Vali-
dation deals with the comparison of simulated re-
sults with the actual ones. The measures included 
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that are included in this research work were de-
signer’s utilization, total time in system, average 
waiting time, system value added time, system 
work in process and number of resources used. 
Two sets of experiment were designed each rep-
resenting different design assumptions. In the first 
model, the current system was designed without 
integration between the design department and 
cost estimation department. In the second model, 
a proposed system was designed which integrated 
the design and cost estimation cells under lean en-
vironment. Customer inter arrival time followed 
exponential distribution with mean 89 hours. 
The current system consisted of seven different 
designers having uniform processing time (maxi-
mum value: 28 days, minimum value: 3 days) 
and 3 cost estimators with a uniform processing 
time (maximum value: 2 days, minimum value: 
half day (12 hours). Starting with time zero, a 
warm up period was used which allows the sys-
tem load itself with entities and consequently 
reach the steady state. A total number of four 
replications were carried out and model was run 
for a period of 104 days. Figure 3 shows the plot 
of average utilization of the designers as a func-
tion of time. A warm up period of 50000 minutes 
(35 days) was used. Table 1 shows the simulated 
results (averages) and the actual values of the ex-
isting model. It shows that the simulated values 
lies within the range of actual set values by the 
company personal, which validates the model. 

RESULTS AND DISCUSSION 

After verification and validation of the exist-
ing working model of product development, the 
proposed model for lean product development 
was evaluated. The relative impact of integrat-

ing the design and cost estimation cells and their 
working under lean environment was analyzed. 
The benefits of integrating the design and cost es-
timation cells and their working using four lean 
enablers (product values, knowledge based en-
gineering, set based concurrent engineering and 
poke-yoke) include the following:
•• System utilization increased from 59.71% to 

73.79% which shows that the proposed system 
has a significant effect on utilization rate of de-
signers and the system performance improved 
which revealed the LPD model effectiveness.

•• Total time in system decreased from 24.9078 
days to 22.8526 days. It is the time that a prod-
uct spends in a system from the entering stage 
(new product arrival) to the leaving stage (fi-
nal product after adding all values).

•• Average waiting time of products decreased 
from 17.1026 days to 15.3160 days. It is the 
time that a product spends on a station in a 
system before processing starts.

•• System value added time increased from 
7.5365 days to 8.8052 days. It is the time that 
a designer spends while performing the value 
added activities on a product. It is also known 
as the value addition time. 

•• Designs work in process increased from 15.6691 
to 8.073 days. It is the time for which the whole 
design remains under operation/work.

•• Total number of resources used by the system 
decreased from nine to five. These resources 
are included the number of employees used by 
the LPD model.

The results comparison in Table 2 highlighted 
that for the first 104 days, the proposed lean product 
development model provided significant improved 
results and they are expected to increase along with 

Fig. 3. Transient period analysis for average utilization of designers: (a) existing model, (b) proposed model
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the designer experience of estimating the product 
cost while designing it under lean environment.

The performance enhancement represents the 
associated benefits of all of the changes incorporated 
in lean product development (LPD) model relative 
to current system. Although, the investigation did not 
isolate the benefits of each modification, certain ben-
efits can be linked with specific changes: 
•• The benefits of integrating the design and cost 

estimation cells into one cell (design and cost 
estimation department, fig.3) were the elimi-
nation of their respective flow time and the 
freeing of three employees from the cost es-
timation cell and two from the design cells, 
enabling them to perform other works.

•• It reduced the variability of supplier demand.
•• The decrease in work in process inventory en-

sures the availability of floor space for other 
activities or operations.

For observable reasons of privacy, this research 
work did not provide access to the financial infor-
mation that would be needed to convert the sav-
ing expected in working under lean enablers into 
economic and quality terms. However, as much as 
the research quantified these savings in physical 
quantities, many of these savings can be readily 
converted to financial values. For example:
•• The savings in employees (4 people) can free-

ly be described in monetary terms, both labor 
cost and total product cost. 

•• The reduction in job floor trials can be convert-
ed to Rupees based on the back ordering cost.

•• The decrease in work in process inventory can 
be converted to inventory cost based on the in-
ventory holding cost.

In addition to the benefits mentioned above, 
working under four lean enablers also provides 
many other benefits that directly or indirectly af-
fect the key performance indicators (KPI) of the 
proposed model such as quality, cost and time. 
These are explained below:
•• Value identification is the first principle of ap-

plication of lean thinking. During the applica-
tion of product value lean enabler, the designer 
was asked to take into account the customer 
values, company values and all other stakehold-
ers’ values that have link with the product. It led 
to the incorporation of all product stakeholders’ 
values and formation of quality product.

•• The application of knowledge base engineer-
ing ensures the knowledge identification, 
knowledge gaining, knowledge shearing, 
knowledge transformation and knowledge 
storage. It results in the formation of knowl-
edge database of a specific product. This lean 
enabler ensures the information flow and com-
munication between the departments, which 
leads to short response time to customers.

•• Set-based concurrent engineering produces 
sets of alternative solutions, which are gradu-

Table 1. Performance measurement for existing system: Actual vs Simulated

Performance measure Actual value Simulated value

Designer’s utilization (%) 57-64 59.71

Cost estimator’s Utilization (%) 10-15 12.94

Total time in system  (days) 20-25 24.9078

Average waiting time (days) 10-18 17.1026

System Value added time  (days) 4-9 7.5365

Designs work in process 15-20 15.6691

Total number of resources used 5-10 9

Table 2. Benefits comparison of current and proposed LPD system

OUTPUT Current System Proposed LPD System Percentage improvement

System utilization 59.71% 73.79% 19.08%

Total time in system 24.9078 days 22.8526 days 4.40%

Average waiting time 17.1026 days 15.3160 days 6.53%

System Value added time 7.5365 days 8.8052 days 14.40%

Designs work in process 15.6691 8.073 48.51%

Total number of resources used 9 5 44.44%
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ally narrow down-with the help of knowledge, 
gained from the customers, companies, ex-
perimentation and prototyping- to a single so-
lution, which remains unchanged throughout 
the product life cycle. It ensures an accurate 
decision making which ultimately results in 
reduced cost and development time. 

•• During product design and development, there 
are many chances of making mistakes accru-
ing at both conceptual and detailed design 
stage. It leads to high job floor trials. In or-
der to avoid these mistakes, poke-yoke was 
employed which helps in avoiding mistakes 
during material selection, process selection, 
machine selection and assessing the manufac-
turability of the products. It ultimately results 
in producing quality products with low cost 
and high quality. 

•• In addition to these, interrelationship exists 
between the adopted lean enablers such as set-
based concurrent engineering used the knowl-
edge gained through creation and identifica-
tion of product values, knowledge-based en-
gineering and Poke-yoke. Knowledge-based 
engineering also supports the product value 
lean enabler as it helps in identification of cus-
tomer and company values. It ensures the mo-
tivation to incorporate maximum and accurate 
knowledge into the product and it will help in 
producing quality products.

CONCLUSIONS 

A simulation-based lean product develop-
ment (LPD) model was proposed and the benefits 
of integrating lean product design and develop-
ment were assessed in this research work. Dis-
crete event simulation (using Simulink tool) was 
revealed as a tool to quantify the benefits of the 
proposed LPD model. In this research work, the 
use of simulation deliver more reliable estimates 
of savings (in cost), resources and improvements 
in performance statistics than that attainable by 
using the proposed LPD model. In the system 
under study for predevelopments, simulation has 
shown the impact of the proposed LPD model in 
terms of improvements in utilization, total time in 
system, waiting time, value added time, work in 
process time and total number of resources used. 

The proposed LPD model integrates the de-
sign and cost estimation cells into one department 
namely design and cost estimation department. 

The proposed LPD model enabled the designer to 
estimate the cost while designing the product at 
the initial design stage. Four lean enablers namely 
(i) product value, (ii) knowledge based engineer-
ing, (iii) set-based concurrent engineering and 
(iv) poke-yoke were incorporated in this research 
work. These lean enablers help the designers in 
design and cost estimation department such as 
product value help the designer in identifying and 
creating product values; Set-based concurrent en-
gineering enable the designer to assess the best 
possible solution by narrowing down the sets of 
alternative solutions; Knowledge-based engineer-
ing and poke-yoke support set-based concurrent 
engineering because they provide the necessary 
information, knowledge, and design rules (poke-
yoke) that helps the designer in eliminating weak 
solutions from a set of alternative solutions for 
a product design. Knowledge-based engineering 
lean enabler was used to capture the best design 
practices and engineering expertise into a corpo-
rate knowledge base. Poke-yoke lean enabler was 
used to eliminate the mistakes during product de-
velopment at both conceptual and detailed design 
stage. This research work provides significant 
advantage for manufacturing companies consid-
ering the implementation of the proposed LPD 
model. It compares the performance of the cur-
rent and proposed working model of a manufac-
turing company for product development at the 
initial design stage under lean environment. The 
performance analysis and the developed model 
provide the basic information to higher manage-
ment who wants to access the overall economic, 
tactical and viable benefits. 
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