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In today’s worlds, the increase and complexities in customers’ needs have given rise to
product varieties presented at markets. For this reason, companies in order to gain the
customer’s satisfaction and increase their competitiveness, try to present their products in
more diverse shapes and forms. As a matter of fact, the spread in products varieties help
customers find products proportionate to their individual needs. Hence, manufacturing
companies seek methods for better management and effective procedures to create diversity
in their manufactured products. A design conforming to diversification can be regarded as a
competitive advantage to a company. For, this will minimize the company’s efforts for
designing future products as well as reduction in the required time for presenting the product
to the market and relevant costs as well. That is why, organizations pursue the path to
generate a design, which besides satisfying general evaluation criteria, is able to respond to
changes in customers’ needs. Not that, the design should be capable of meeting those needs
with lowest cost and effort at the shortest time possible. It is of note that in spite of the high
significance attached to designs for developing new products which in turn gives rise to
diversity in products a large percentage of these development projects experience failure.
Therefore, having a proper evaluation of available options at initial stages of design and
selecting the most appropriate one is a key point at the entry point of the process of the
developing new products.

The current research- with the aim of evaluating engineering designs- by adopting a
diversification approach- has attempted to produce an optimization model. The model
investigates engineering designs as regards two parameters: 1- The amount of change the
plan needs for standardization at the present time, and 2- the amount of effort producers
expend in future for redesigning the component parts. The first parameter is acquired with
help of generational variety index (GVI) and the coupling index (CI). The second parameter
is calculated by invoking commonality index (CMI).

GVI is the indicator of the amount of required changes in a component so it conforms with
Engineering Metrics (EM). The index shows -in order to satisfy customers’ future needs -
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how much change and redesign is required for each component of the product [1]. In order
to figure out generational variety index (GVI), first the product life time and its functional
requirements are determined. Then, considering the changes in customers’ needs in future, it
is established how much changes each of functional requirements experience in product’s
next generation. Afterwards, given the changes in functional requirements, it is determined
how much change is required by each of the component to satisfy their respective functional
requirements.

ClI or coupling index shows the connection strength between pieces of a product. That is, the
higher the strength connection, the more it is required to replace other parts when changing
one component. This means harder job for product conformity with future needs and
development projects. Having proper understanding of connection in a design is quite
necessary for designing an architecture resistant to later changes as well as taking into
account customers’ demands and wishes. In order to calculate the coupling index (CI), first,
a preliminary diagram is plotted. Then, by determining the input and output flows to and
from each part, it can be deduced which parts are connected together. Next, by using the
rating system of 9/6/3/1/0 team, the sensitivity of each component is estimated by effecting a
minor change in this feature[1].

With the help of Generational Variety and Coupling indices (GVI & CI), it is possible to
identify those components and ingredients which need standardization. Eventually, it can be
shown which components and ingredients of an engineering design require standardization
so as to streamline that design vis-a-vis future changes. To this end, after calculating GVI
and CI, each of the ingredients are rated. Next are determined those componential
ingredients which are at the priority hierarchy of standardization.

To proceed, in order to work out the required rate of effort by producer in future, the
Commonality Index (CMI) is calculated. This index represents the similarity degree of the
characteristics of the new product design with those of past products manufactured at the
organization. The latter index not only shows the similarities in parts and pieces. But also,
using this index, one can ascertain the similarity percentage in material type, processes,
montage methods, and construction manners. To determine CMI, first are listed different
pieces which exist in two generations of a particular product. Next are determined such
design features as montage time, material diversity, and the number of construction process.
In continuation are established the manner of changes in each of design characteristics
proportionate to different ingredients exploited at the two generations of the products [2].

In the final phase of the current research, in order to evaluate n engineering designs
meeting Design for Variety (DFV) method criteria, a mathematical model is designed. This
model helps us attain at an engineering design requiring lowest amount of change and
redesign at the moment as well as least amount of change in design features for future
generation of the product. In the proposed model, parameter Ac; represents the now required
changes in ith design for standardization. By implementing these changes, the engineering
design is prepared to meet the future needs of the customers. Sometimes, however, some of
the parts and components which need standardization and which are placed at the top
hierarchy of standardization, do not go through the standardization process. The reasons that
are given are high design and construction costs, the need to bring about changes in the
entirety of the component, and on occasion, lack of relevant knowledge and technology. This
means the latter components cannot satisfy future needs of the customers. And they must be
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changed in next generations of the product. And so, these components are considered non-
common (shared) in both present and future generations. To investigate these non-common
component parts, the commonality index (CMI) is utilized. Invoking the help of this index, it
is determined to what extent- between non-shared parts and ingredients of the two
generations- the design features are to be changed. The more design features for a future
generation product-compared to those of the present generation- means that the developed
engineering design is placed at the worst point of the continuum. For, in future, more efforts
are needed to take place to redesign these parts and ingredients of the engineering design.
The CMI depicts products’ future efforts for redesigning the intended parts and components
to meet customers’ future needs.

The product under investigation in the present research study is a type of phased array radar
manufactured at the Iranian Electronics Industry. Since radar technology is an ever-growing
field, radars are rapidly diversified and newer types and models are presented at markets. On
the other side, given variously different threats, the customers’ need to the product is also
changing constantly. Therefore, an engineering design which, besides satisfying general
criteria, can address future market needs, is considered among fundamental needs of the
above- mentioned industry. In the present research study, three engineering designs were
developed for phased array radars. The designs were evaluated with the help of the proposed
mathematical model. Assisted by GAMZ win 64 25.1.12 software, the designed
mathematical model was solved. And finally, the engineering design No.3 was selected as
the optimized engineering design.
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