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Employing lightweight steel in the transportation industry,
particularly the automotive industry, has received a great deal of
attention in recent years, and much research has been undertaken to
replace the low carbon steel used in the transportation industry with
lighter materials. In the present study, a new class of lightweight steel

Xfm22$ral steel called architectured steel comprising of alternating layered structure
Lightweight steel of steel and aluminum was produced. Cold rolling process was
Cold roll bonding employed to make a connection between a simple low carbon steel
Heat treatment and 6061 aluminum alloy. In order to improve the inter-layer
Mechanical properties connection and properties of the product, the prepared samples

were subjected to annealing treatment at different times (30-120

min) and temperatures (400-500° C). Finally, after examining the
“Corresponding Author: conditions of different annealing processes, the best cycle to achieve
Navid Saeidi an appropriate combination of strength and ductility was
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determined. Based on the findings, the best mechanical properties
(610 MPa UTS and 16.1% elongation) was obtained in the specimen
annealed at 400°C for 90 min.
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EXTENDED ABSTRACT

Introduction

Evaluation of design concept is seen to have a crucial part in maintaining competition
in international marketplaces, which are impacted by the fast-paced competitive
environment. Rapid technical advancements, changing customer needs, and increasing
business competition encourage corporations to provide products that are higher in
quality and cheaper in cost as quickly as possible. However, there is risk and uncertainty
involved in this process. These factors should be considered in order to quickly reduce
potential difficulties and assure the success of product development. A poor choice of
design concept for a specific product might increase development costs, lead to
fundamental changes, and jeopardize the progress of the product as a whole. It is
challenging to make up for the shortcomings at this stage of product design. Therefore, the
concept of final design at the initial stage of development may be considered the most
significant stage among the stages of new product development due to its dangerous
function in subsequent design activities. The purpose of this paper is to propose a
systematic method for dealing with subjectivity and ambiguity in order to evaluate the
design concept.

Methodology

Determining the relative importance of the evaluation attributes and ranking the
alternatives are the two key components of evaluating the design concepts. Both
elements should be considered at once to eliminate bias in the evaluation process. This
paper proposes an integrated approach by incorporating rough numbers in the analysis
hierarchy process (AHP) and TOPSIS technique to manage ambiguity and subjectivity in
product design evaluation. To determine the relative importance, the rough number is
integrated into the AHP. The TOPSIS technique based on rough numbers for evaluating
design concepts is then presented in the study. The relative importance of each attribute
and the final ranking of alternatives can be determined without the need for any
additional auxiliary information by combining the rough hierarchical analysis process
and rough TOPSIS technique. As a result, the proposed method effectively reflects the
decision-makers' accurate perception and increases the certainty of the evaluation of
design concepts.

Results and discussion

To evaluate the design concept, the proposed method was utilized to choose the idea of
concentrate powder for laundry of all types of clothing and textiles with a laundry
machine. Concentrate refers to the fact that you can wash a large volume of clothes
without using much powder. Ultra-concentrated powder can efficiently and effectively
remove even the most difficult stains from clothing. Therefore, this product's benefits
include its capacity to effectively remove stains, especially from colored clothing, and keep
the stability of the clothing's color. In light of this decision to make ultra-concentrated
laundry powder, the design and research and development units developed the
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appropriate designs based on the factors influencing the idea of ultra-concentrated
laundry powder design. Therefore, it became essential to evaluate the product's
conceptual design. Five different conceptual designs exist for the company that produces
concentrated powder. To determine which of these five alternatives is best for designing
the following stages, the design concept must be evaluated. Seven attributes including
production cost, formulation and raw materials, compliance with current standards,
customer needs analysis, suitable and pleasing design, convenient maintenance
requirements, and product compatibility with the environment were primarily addressed
in the first stage of design. One of these, the cost of production, had a cost-like aspect while
others had a profit-like nature. In order to evaluate the various powder design
alternatives, five specialists were requested to act as decision-makers and offer their
opinions. This evaluation can often be broken down into two stages: evaluating the
attributes using a rough AHP, and then ranking the alternatives using a rough TOPSIS.

Rough AHP was conducted to determine the weights of these seven criteria, and
pairwise comparison questionnaires were distributed to five respondents. All experts
completed their questionnaires in a completely consistent manner, and on the basis of this,
rough numbers representing the weights of the attributes were determined. Five
alternatives were chosen as the Omo ultra-concentrated laundry powder design concept
for the production of Omo ultra-concentrated laundry powder and considering the seven
attributes listed above. The information pertaining to each concept for each of the seven
attributes was identified by 12 experts. In order to choose the best design concept for the
production design of Omo ultra-concentrated laundry powder, five design alternatives
were carefully evaluated and ranked using the TOPSIS technique based on rough numbers.
According to the ranking rules of rough numbers, concept A1 had the highest priority, and
concepts A4, A5, A2, and A3 received priorities from 2 to 5, respectively.

Conclusion

This paper proposed an integrated rough AHP and TOPSIS technique based on rough
numbers in order to control ambiguity and subjectivity to address the subjectivity that
currently exists in design concept evaluation. In order to capture individual preferences
and measurement ambiguities, this study used approximate numbers. Initially, these
numbers were used into the AHP to determine the relative weight of each attribute. They
were then combined with TOPSIS to prioritize the alternatives. Combining the rough AHP
and rough TOPSIS allowed the determination of the relative weights of each attribute and
the ranking of the chosen alternatives. Finally, the proposed approach was applied to a
case study to demonstrate the efficiency and effectiveness of the evaluation of design
concept. The findings demonstrated the applicability of the suggested method, which was
based on rough numbers, to many group decision-making contexts. In the future, a variety
of other methods, including analytic network process, DEMATEL, Promethee, and even
their integrated models, can be used in combination with the rough number to broaden
the application areas and remove ambiguities in subjective decision-making conditions.
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