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ABSTRACT

The aim of this thesis is to develop a new process of product design, also an
introduction to the example of an industrial sector in the context of new product
development concept. In this thesis, the concept of new product development is
examined and the different stages of the process of the tensile machine, testing base
frame development are analyzed considering its objectives, implemented procedures,
functions and responsibilities division. New product development approach is
necessary for the creation of products that assure the need of industrial customers and
differentiate the company from the competition. The traditional product development
approach based on concept development, validation, and manufacturing phases, has
been outdone and the present most used and successful approach is the one that
integrates stages and functions. The aim of this paper is to present the process of a
new product, an introduction to the example of a base frame tensile machine in the
context of new product development (NPD) concept.
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1 INTRODUCTION
Biomimicry has proved to be an outstanding way to solve complex human problems by
imitating nature. Biomimicry is the study of emulating and mimicking nature; hence it
has been used by designers as a help to solve complex human problems. From centuries
ago, designers consider nature as an enormous source of inspiration. Biomimicry asserts
that nature is the best, most impacting and the guaranteed source of innovation for
designers as it holds an enormous experience of solving environmental problems. The
designer has been finding out for the answers from nature to their complex questions
about different kinds of structures, and they have mimicked a lot of forms from nature to
construct efficient structures for different designing purposes. Without computers, these
complex ways and forms of structures could not be mimicked and thus using computers
for advanced simulations had risen the way of mimicking and taking inspiration from
nature. As a result, the designer can imitate
different nature’s models despite its complexity.

This work has investigated an engineering product development process based on the
combination of Biomimicry, Generic design analysis, Optimization, and Product
development (Hakan Pettersson). The important goal of this combination of the
methodology is the focus on sustainability, lightweight and computer-based design
analysis (CBDA). Moreover, this procedure is expected to reduce the overexploitation
of natural resources. By integrating the application of Biomimicry and the systematic
study of natural phenomena in a problem-driven approach the development of
creative conceptual products can be promoted
For qualitative and quantitative nature, design analysis can be taken as a
multitude of forms for both methods and tools. Here, the utilization of computer-intensive
computational methods and tools focusing on analyses of physical phenomena.
Moreover, integration between the design analysis and the engineering design process
will increase the efficiency and effectiveness. The combination of Generic design
analysis model (GDA) structure makes a collaboration between engineering designers
and analysis, easier by leading to a mutual understanding of each other's activities. In
other words, the engineering designer needs to understand what an analyst can achieve
given a time and resource frame, and the analyst should be aware of what they need to
know from the engineering designer to make an efficient and adequate analysis. In
combination, process activities and sub-activities are known in
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advance, and therefore, the constitutive activities of the GDA process are described at
an operational level. By this combination process can be done more easily, processing
time can be saved, money can be saved, also it's an eco-friendly process. Which can
be implemented in both small grade and big grade companies.
By implementing the biomimicry process into the engineering design process,
for making an efficient lightweight design solution has been done by the optimization
software Inspire. The proposed methodology is applied to a trolley/frame for a tensile
machine.
1.1 BACKGROUND
Combining Biomimicry process with an efficient product development process will
be, helpful for natural resource because of the overexploiting of natural resource can
be limit for an extended amount. Therefore, this work aims at combining the core
values in Biomimicry with product development. Moreover, can aim for light-weight
as well as the sustainable product.
The combined product development approach is exemplified with a base
frame design of a tensile machine.
1.2 AIM OF THE STUDY
Providing a design matrix for energy efficient lightweight design according to
biomimicry principals and apply it on a trolley for a tensile testing machine. Moreover,
the aim of the thesis has been to develop the Engineering Biomimicry Design Process
model of a tensile machine base frame formulate with all activities at an operational level
are needed during product development. The product design considers being a
lightweight design. It provides a significant potential to reduce energy consumption. In
the approach of lightweight design has been utilized by a Biomimicry process.

1.1.2 PROBLEM DEFINITION
The tensile testing machine in the lab has a large functional area in the lab and it is
stationary. Therefore, the outcome of the thesis is to make the tensile machine easy to
transport into different areas. The weight of the tensile testing machine is 500 Kg.
The development of the transporting device should be based on the newly developed
process that includes engineering design, optimization, and product development with
a combination of Biomimicry. Biomimicry principals could provide guidelines for
improving an efficient lightweight design solution. The drawing of the base frame
shall be developed in Catia v5. For making a lightweight design, modeling through
the Altair software shall be performed.
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1.3 LIMITATIONS
According to the design point of view, this tensile testing machine base frame
consists of a certain limitation is, to find a bionic structure for the base frame which
can withstand heavy load. Also, there was very less research has been done before for
the combination process. In addition to this, the base frame shall also be also capable
to maintain the hydraulic lifting and locking system. The newly implemented
modeling of the frame design based on the combination of product development
approach and difficulty to find out the resource data relate with this topic. It was very
hard to have a trail auditing of the new base frame for the tensile machine because
less human support was provided.
The combination of product development approach is a concept in the initial phase
and we intensively developed a different combination of process framework. And
each of the framework we evaluated with the help of a prototype. Moreover, the
greatest challenge we measured to implementing the biomimicry approach into the
product development.
1.4 INDIVIDUAL RESPONSIBILITY AND EFFORTS DURING THE
PROJECT
To be able to get an overview and divide the work, needed for this thesis we decided
to form a Gantt-schedule. A classic Gantt-schedule lists all the tasks and milestones in
a column on the left and with a timeframe that spreads from the left to right. The
timeframe is divided into smaller separate groups which indicate in what stage of the
thesis and how long each stage is we are. In this timeframe, next to the
task/milestones a box is filled in that indicates when this task should be completed.
This helps us understand how certain tasks are dependent on each other, what must be
done first and in what order, which tasks can be done simultaneously and makes it
easy to get an overview of all the components this project should contain. Abraham
was more consent about design. And Arun more focused on process and combination.
We had a lot of session for brainstorming.

1.5 STUDY ENVIRONMENT
This research study was conducted at Halmstad University under the supervision of Dr.
Håken Petersson.
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2 METHOD
According to the combined product development approach, the goal is to focus on
sustainability and lightweight and to reduce the over exploration of natural resources.
When a product shall be manufactured, each of the involved departments (Design,
Manufacturing, and Marketing) follow their own workflow including various
methods. As a result, any kind of problem arose during the product development
leads to difficulties in finding out a solution because each department follows their
own workflow pattern with no cross-links in between. Moreover, this combined
approach should be formed as a universal language to reduce the barrier of
communication between each of the departments. Such a universal workflow is also
expected to improve efficiency and sustainability.
From the applied methods’ viewpoint, the thesis may be classified into a
chronological sequence of four steps. The initial step is a study of available literature
related to the topic by establishing the state of the art. In this phase, we analyzed the
good practice of product development approach followed by the industries and the
application of concepts with the elements of small-scale production. We also
examined well-described methodologies such as Advanced product quality planning,
Design for Six Sigma and Stage/Gate. In the second step gave the guideline about the
existing product development strategies followed by the industries, by understanding
the parameters influencing the procedure of developing new products and processes,
management of determining parameters, a new process or product development
(NPD) application of the process in actual current projects. The analytical research
approach was implemented for estimating the effectiveness of product development,
comparing the best outcome based on two sets of characteristics such as cost
relevance and time. In the third step included with the combination of the engineering
product development based on the combination of Biomimicry, Generic design
analysis, Optimization, and Product development. And this combination of approach
with the purpose of eliminating or reducing unconformities and improving work
results, as well as the research of individual steps which would have a positive impact
on developing the procedure of product development and on the result in the mass
production. The fourth step was performed for the validation of the implementation of
a combination of product development procedure in real life. The main cause of this
step is to identify appropriate measures to evaluate the progress achieved through the
combination of product development procedure.
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For this combined product development approach, the first task was to select a design to
make into the workflow of combination, so that tensile machine with 500 kg of the load
with the stationary condition was chosen. The task was to transfer it different location
which is transport discipline. Secondly to build a base frame for the supporting load with
lightweight and sustainable with bionic which are mechanical disciple and biomimicry.
Last with microcontroller the moment of the machine can control which is computer
discipline. Making these four disciplines in one product development who have a
mechanical background. With different tools and methods used for selecting materials,
design, analyzing are CSE Edupack, decision matrix, Catia V5, Inspire.

Combination

Testing in different
condition

Designing base frame

Analyzing the design

Redesign with
bionic structure

Microcontroller for
transportation

Figure 1 A short flowchart represents the workflow pattern

Detail explanation of the method

1.
2.
3.
4.

5.

First phase
The initial stage of product development is agreement, which is between
stakeholder and company for the customer requirement.
The product definition phase, the goal is to understand the problem and lay the
foundation for the remainder of the design project.
Finding the customer’s requirements by quality function deployment method
to utilized to identify the customer’s needs.
The technical specification is also called engineering specification to detail the
document providing information about a designed product or process.
Second Phase (1st Product development process 2nd Biomimicry solution
process)
Identify the possible biomimicry solution evaluated through product
development process loop and biomimicry solution process. The biomimicry
plays a key role in this step.
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6. Identified biomimicry solution transfer into the product development process
for generating detailed design. And the solution is also transferred into
biomimicry process for generating the detailed design.
7. Evaluation design is concerned with the detailed planning of the evaluation. It
builds on the evaluation context to specifically identify practices, processes,
timing, and responsibilities for completing an evaluation.
8. Design optimization is the process of finding the best design parameters that
satisfy project requirements.
9. Design and development.
10. The concept of design for analysis as a strategy for designing a product.
11. To meet customer expectations, companies often engage in robust product
design which is the process of trying to reduce variations in finished products.
12. Finally, the product support department focused on manufacturing and
assembly support, support for vendors, and help in introducing the product to
the customer.
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Figure 2 The flowchart represents the workflow pattern

2.1 CHOOSE A METHODOLOGY FOR THIS PROJECT
A research methodology has been carried out to accomplish the objectives. A
literature review about the introduction of Biomimicry into the engineering design
process. approaches and Biomimicry in product development through the study of
existing literature. Also, an international case was analyzed in terms of their usage of
biomimicry, and the influence it had on reducing the energy consumption. Moreover,
the proposed product development process was applied to a case consisting of a
tensile machine base frame that should be lightweight, efficient and sustainable.
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2.2 PREPARATIONS AND DATA COLLECTION
From the applied methods viewpoint the thesis may be classified into a chronological
sequence of four steps. The initial step is a study of available literature related to the
topic by establishing the state of the art. In this phase, we analyzed the good practice
of product development approach followed by the industries and the application of
concept with the elements of small-scale production. We also examined welldescribed methodologies such as Advanced product quality planning, Design for Six
Sigma and Stage/Gate. In the second step gave the guideline about the existing
product development strategies followed by the industries, by understanding the
parameters influencing the procedure of developing new products and processes,
management of determining parameters, a new process or product development
(NPD) application of the process in actual current projects. The analytical research
approach was implemented for estimating the effectiveness of product development,
comparing the best outcome based on two set of characteristics such as cost
relevances and time. In the third step included with the combination of the
engineering product development based on the combination of Biomimicry, Generic
design analysis, Optimization, and Product development. And this combination of
approach with the purpose of eliminating or reducing unconformities and improving
work results, as well as the research of individual steps which would have a positive
impact on developing the procedure of product development and on the result in the
mass production. The fourth step was performed for the validation of the
implementation of a combination of product development procedure in real life. The
main cause of this step is to identify appropriate measures to evaluate the progress
achieved through the combination of product development procedure.
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3 THEORY
There are at least five different product development approaches to develop a new
product. Each of these approaches is described in the following chapter, and these
approaches are followed by product development.
3.1 THE PRODUCT DEVELOPMENT PROCESS
The product development process consists of a generic set of phases that must be
performed for all projects, see figure 2. For each phase, there are a series of activities
that need to be accomplished. This design process applies to the design of systems,
subsystems, assemblies, and components, and it applies to new, innovative products
as well as to changes in existing products. Of course, the details and emphasis will
change with the level of decomposition and with the amount of change needed.

Figure 3 The Mechanical Design Process

The discovery phase of the mechanical design process, there are three primary sources for
design project are technological pull, market pull and product change. Regardless of the
source, the activity maintaining a list of potential projects. The second phase is project
planning needs to precede any commitment of resources; however, as with much design
activity, this requires speculating about the unknown and that makes the planning for a
product that is like an earlier product easier than planning for a totally
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new one. During the product definition phase, the goal is to understand the problem
and lay the foundation for the remainder of the design project. Understanding the
problem, the first activity to identify the customer for the product. And this activity
basis to generate the customer requirement. Later, these requirements are then used to
evaluate the competition and to generate engineering specifications. Designers use the
results of the Planning and Product Definition phases to generate and evaluate
concepts for the product or product changes. After concepts have been generated and
evaluated, it is time to refine the best of them into actual products. At the end of the
Product Development phase, the product is released for production. Finally, the
product support department focused on manufacturing and assembly support, support
for vendors, and help in introducing the product to the customer.
3.2 GENERIC DESIGN ANALYSIS
The Generic Design Analysis Process has been successfully implemented in four contexts
are Explorative Analysis, Evaluation, Physical Testing, and Method development. The
explorative analysis is utilized for determining the important design parameters
associated with the design solution. After that, the evaluation is part provide the
quantitative information on design parameters in support of further design decision.
Later, the physical testing context helpful in validating the design analysis model through
the practical experiments. And it delivers accurate representations of the real world from
the perspective of the intended uses of the models. Subsequently, the context of method
development followed by verification and validation of specific guidelines, the procedure
for the design analyst and the engineering designers to follow when performing a design
analysis task. Moreover, the GDA process model followed by three phases are analysis
task clarification, analysis task execution, and analysis task completion. And each of the
phases consists of three activity level (Fig).

12

Figure 4 The Workflow of Generic Design Analysis

3.2.1 INTEGRATION OF THE COMPUTER-BASED DESIGN ANALYSIS
Nowadays computer-based design analysis is a common activity in most development
projects. Mainly support the engineering function for designers, are used for design
evaluation, verification, validation. An important essential to have an operationally
efficient and effective integration between both the engineering design and design
analysis activities. Investigation of the design space, at the process level. Moreover,
computer-based design analysis can take a multitude of forms, according to the
properties with defined standards. The obvious time- and cost-saving effects, but also,
the benefits of the design (synthesis) activity.
3.3 OPTIMIZATION

13

Optimization is useful in finding the optimum solution or unconstrained maxima or
minima of continuous and differentiable functions. The optimum solution is analytical
methods and makes use of differential calculus. Optimization allows getting the most out
of a given system. In a way, it is the minimization of waste. Optimization can be applied
to a single discipline or multi-disciplinary systems. Very often optimization can shed new
light on design when considering the coupling of multiple systems. Moreover, it is the
future, since the investment cost, efficiency, energy savings, etc. are critical are critical
aspects. In particular, engineering disciplines need to develop mathematical and
computational optimization methods to improve the efficiency of the processes,
furthermore, a methodology of making something as perfect, functional, or effective as
possible. This is particularly true in the aspect of mathematical procedures for
maximizing or minimizing the objective function. In engineering that involved designing,
systems and decision making, optimization is essential in producing the best design
subjects the whatever constraints, computer to search for the best design according to
criteria that we specify. The computer’s enormous processing power allows us to
evaluate much more design combinations than we could do manually. Further, we
employ sophisticated algorithms that enable the computer to efficiently search for the
optimum. Parkinson, “Robust Mechanical Design Using Engineering Models,” invited
paper for the special 50th-anniversary issue of J. of Mechanical Design, vol. 117, p. 4854, June 1995.

3.4 THE BIOMIMICRY DESIGN PROCESS

The biomimicry design spiral turns natures strategy into an innovative and sustainable
design solution by using step by step approach. In this approach provide a succinct
description of the essential elements of a design process that uses nature as a guide
for design the solution. And the design spiral describes the six most important steps a
design team should take when seeking biomimetic solutions to a design challenge.
According to the biomimicry, design spiral is that it drives outwards, just as a spiral
in nature grow outwards. In other words, the design spiral starts at the center and each
lap around the spiral is small and quick. In the beginning part of the design process
followed by numerous quick laps with a rapid exploration of many options and
opportunities and give scope for wildly creative ideas very quickly before committing
to solution pathway to minimize the time needed to achieve radical, sustainable
innovation. The process established based on an integration of the biomimicry design
spiral into the engineering design process is the capability to generate wildly
innovative and sustainable design solution.

14

Figure 5 The Biomimicry Design Process

According to the process overview, the initial stage to clearly articulate the impact of
design to have in the world (i.e. the challenge you want to solve) and the criteria and
constraints that will determine success. In the next stage to analyze the essential
functions and context of the design solution. After that to identify the natural models
that need to address the same functions and context as a design solution. Later, to
study the essential features or mechanism that make the biological strategies
successful. In the part of emulate, to create a design solution based on emulating one
or more of the strategies. Finally, evaluates the design solution also consider technical
and business model feasibility.
3.4.1 BIOMIMICRY OVERVIEW
‘The term of ‘Biomimicry’ initially noticed in scientific literature in 1962 and grew in
application particularly amongst material scientists in 1980s. Biomimicry can be
delineated as imitating from natures forms and processes to solve problems for humans
(Benyus, 1997). Janine Benyus, a biologist and leader of the emerging the discipline of
biomimicry delivers one foundation for this emerging discipline by asserting for the need
to imitate nature to ensure a more sustainable design solution (Benyus, 1997). In some of
the literature particularly preferred the term of Biomimetic or Biomimicry. And there is
no difference between the term of Biomimetic or Biomimicry, where the biomimicry is
used for developing the sustainable design and biomimetic has been applicable to the
military technology field. The main aim of biomimicry is sustainability, making a great
design by mimicking the different living organisms.
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3.4.2 BIOMIMICRY PRINCIPLES
Biomimicry defined as a new discipline that studies related to nature concept then
imitate the designs and process to solve human problems. The biomimicry principles
which are an expanded and comprehensive version of the principles of nature, these
principles are preoccupied with biological strategies, some of which are selfexplanatory and that can be found in most of the organism. To use these creative
common tools through which biomimetic designs, materials, and applications are
evaluated for sustainability. According to the major application of biomimicry
resulting in the sustainable outcome, the principle of biomimicry are material and
energy efficient, evolve to survive, adapt to changing conditions, integrate
development with growth, Been locally attuned and responsive and Using lifefriendly chemistry (Oguntona, 2017).
3.4.3 CHARACTERISTICS OF THE BIOMIMICRY DESIGN PROCESS
The introduction of biomimicry is helpful for the designer to utilize the time-tested
tool and methodologies i.e. programming, schematic and design development, include
a biomimetic approach to explore natures database for sustainable solution and
innovation. Biomimicry has the purpose of designing to emulate and integrate with
natural systems when planning for a human design with the aim of reducing energy,
material, weight, cost, and pollution. Biomimicry and bio-inspiration have already
become part of engineering studies and have been utilized rather successfully to
discover new materials, functional shapes and methods of achieving purposeful goals.
While biomimicry has helped engineers attain to determine forms and function for a
specific application, it remains to be seen if the underlying natural design concepts, in
distinction to prescriptive methodologies, can be transferred into practical
embodiments with true utility in manmade structures.
3.5 A FRAMEWORK FOR UNDERSTANDING THE APPLICATION OF
BIOMIMICRY IN FRAME MODELLING
A framework for understanding the different forms of biomimicry has been
developed and is used to discuss the application of biomimicry in Frame modeling,
see Fig. And this framework is helpful to understand the different levels and
approaches and attempt to make to clarify the potential of biomimicry as a tool to
solve the problem in frame modeling. And this framework may allow the designers
want to use the biomimicry as a methodology for improving the design to choose the
best approach. In the problem-based design approach typically falls into two
categories are biomimicry top-down and bottom-up approaches.
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Figure 6 Biomimicry top-down and bottom-up approaches

According to the problem-based approach (Problem drove biologically inspired
design), the designers choose a solution from the living world, designers to
distinguish problems and biologists to then match these to organisms that have solved
the corresponding issue. This approach is effectively controlled by designers and they
can able to identify the initial goal and parameters of the design. In the pattern of
problem-based approach through 6 define steps and its follow the progression of
steps, nonlinear and dynamic in the sense that output from later stages frequently
influences previous stages, gives iterative feedback and refinement loop (Michael
Helms Swaroop S. Vattam and Ashok K. Goel, 2009).

Figure 7 The steps of the problem-based approach
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In the solution-based approach (Solution drove biologically inspired design), the
collaborative design process is dependent on people having relevant knowledge about
biological influences. The main advantage of this approach is that the biological
knowledge influence with the human ways to predetermine the design problems. A
disadvantage of this approach from a design point of view is that biological research must
be conducted and then identified as relevant to a design context (El-Zeiny, 2012).

Figure 8 The Steps of Solution-Based Approach

3.6 PROCESS SEQUENCES IN BIOMIMETIC RESEARCH
Biomimetics is a portmanteau manufactured from the words Biology and mimesis
(imitation). Its contents are essentially identical with the term bionics (combined from
Biology and Technics). As alternatives to ‘Bionic’ or ‘biomimetic’, the terms
‘biologically inspired’ or ‘bio-inspired’ are sometimes used. From fundamental
biological research, Biomimetics is the realization of technical applications based on
insights resulting.
There are no blueprints from nature for development of the Biomimetic also
they are not direct carry-overs from biology. Biomimetics can be called creative
technological implementation a reinvention inspired by nature. For the
research of Biomimetic, there are several levels of abstraction and modification are
needed. Biomimetics is an extremely interdisciplinary research discipline in which
experts from various areas, such as biologists, chemists, physicists or engineers
cooperate in R&D projects.
In biomimetic research, seven subdivisions can be distinguished, fig. 1. The
borders of these subdivisions are flexible, and new focal points for biomimetic
research keep appearing in the highly dynamic biomimetic research landscape.
Therefore, the proposed classification is constantly expanding and is supplemented by
new developments
Seven subdivisions can be distinguished in the research of Biomimetic, Fig.
The implementation of functional principles inspired by biology in innovative
biomimetic products may also contribute to a better understanding of biological
systems. This relatively new insight of a transfer process that can be referred to as
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‘reverse biomimetics’ can be interpreted as closing the heuristic spiral of technical
biology, biomimetics and reverse biomimetics.
Technical biology stands for the analysis of form-structure-function-relationships
in living organisms using methodological approaches from physics and engineering
sciences. Technical biology is the basis of many biomimetic research projects as it
allows one to understand the functioning of the biological templates in a quantitative
and technologically based manner. These quantitative analyses are the basis for
abstracting and transferring ideas from biology to technical applications during
biomimetic projects.

Figure 9 Process sequences in biomimetic
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4 METHODOLOGY
4.1 THE COMBINATION OF PRODUCT DEVELOPMENT PROCESS
The combination of the new product development process will give the best practices
for manufacturing companies. This process will successfully focus on product value
rather than merely on product costs, satisfy the customer and increase product
profitability and it will help to improve product value by using effective new product
development methods and also by creating the right framework. And the below
flowchart represents the workflow analysis from product discovery to product
support. Each of the product development approaches is focused on each department
of manufacturing, design, and marketing. Moreover, the combination of different
approach will develop a universal language for understanding each department. As a
result, if any problem arises in the product development, each department can easy to
understand and can able to solve that problem.

Figure 10 The Combination of Product Development Approach
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In this method, the contribution from biomimicry is added as a sub activity under the
conceptual phase. If Biomimicry is to be an integrated part of the engineering design
process, it is important that the contribution from biomimicry is fully integrated into
the whole process. The integration of the engineering design process and the
biomimicry design spiral and the new design new design are given below in 12 steps.
1. Important to identify the task and describe the expected function and decision
to perform an analysis task.
2. Define and clarify the overall task content briefly.
3. Detailed planning of each task.
4. Necessary to consider the activity maintaining a list of potential projects.
5. Necessary to translate the function into the words understandable within
Biomimicry (In biomimicry design, the designer should know what nature
strategy and solution also what knowledge can is be gained from nature).
6. To develop concept generation and morphology.
7. Completion of task content, the establishment of solution approach and
extraction of solution result.
8. Optimization technologies for both concept design and design fine-tuning
stages of a multi-disciplinary product design cycle (integrated analysis and
optimization product that has concept design and design fine-tuning capabilities
for structures).
9. Evaluation and conclusion of findings.
10. Communication of task findings and recommendations.
11. Implementation of task results and findings.
12. Focused on manufacturing and assembly support, support for vendors, and
help in introducing the product to the customer
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5 RESULT
5.1 EXEMPLIFICATION OF THE CONTEXTS
Exemplification contexts are the most commonly described design analysis task, for
every activity can be described easily. In designing a base frame as part of a
combination of Biomimicry in the product development, an important task is to
assure the lightweight and suitability with optimization (removing the material/
changing the structure). The normal weight for the base frame (tensile machine) for
stainless steel is 5kg, After the optimization, it was reduced to 3kg with the same
property without changing the factor of safety by FEA it was confirmed also it can be
tested with the prototype. The main study of this scenario is analysis with Biomimicry
structure how it will be used in the present world. How to reduce the material and
save the environment. With different material puls, Biomimicry structure analysis
was done also found the difference between the older frame.
The initial information from the engineering design to the biomimicry design
the main advantage was lightweight design, also the factor of safety remain the same.
However, a problem remained, how to design the biomimicry design into engineering
design.

Figure 11 Tensile machine
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5.2 FUNCTION AND SUBFUNCTION OF BASE FRAME

Requirements

Specifications

High strength

Material with the best strength

Low cost

Material Selection (Natural Material)

Low weight

Easy to transport in all

Material Selection (Natural Material), Optimization,
Design
Material Selection (Natural Material), Optimization,
Design, Self-lubricant
Less weight, Microcontroller, Good enough friction

Easy to operate

Remote controller, User-friendly, Rechargeable battery

Easy to access

Remote, Design

Factor of safety

Optimization, Load caring capacity, Design

Good design

Optimization, Design analysis, Material selection

Microcontroller to transport

Remote controller, Easy to access, Rechargeable
battery
Easy to transport, Remote controller, Weight, Strength

Less wear

Wheel selection
Biomimicry selection
Good design of the frame
Easy to manufacture
Easy to connect with frame and
machine
Easy to connect with frame and
wheel
Rolling fraction

Selection of material, Selection of the process,
Sustainability, Optimization
Optimization, Material selection, Design analysis,
Sustainability, Biomimicry
Selection of process, Biomimicry, selection of material,
Design, Cost, Availability of material
Welding, Wiring, Coupling, Joining technique
Mounding, Coupling, Shaft
Tear and wear, Friction

Less wear

Friction,

Max payload

Optimization, Load caring capacity, Design

Good in operational condition

Remote controller, Selection of the process, Less
weight, Rechargeable battery, Microcontroller
Easy to access, Easy to operate, Easy to transport

Rechargeable battery related
machine
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Locking

Design

Table 1 Function and subfunction

Main function

How to achieve?

To transport the tensile machine from
a stationary condition to movable.

Frame with the wheel (remote controller,
rechargeable motor to transport)

Subfunction
Easy to transport
Keep tensile machine on position

Frame with the wheel, good enough friction, in
all terrains
Design

Biomimicry

Optimization, Material selection

Control (Microcontroller)

Programming, Relay controller

Withstand in operation conditions

Design and material selection

Speed control

Relay controller

Balancing the directions

Relay controller
Table 2 Requirement

5.3 Morphology
An effective method to picture different possible concepts. With the help of Catia V5
design tool, the concepts are drawn.
Design

Concepts 1
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Concepts 2

Concepts 3

Concepts 4
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Concepts 5

Table 3 Concepts

Five different concepts generate different specifications. So, the main goal of
different concepts is to select the best design (base frame), with the help of customer
requirements which is given in the above box. Moreover, with the best design to
create a bionic structure with inspire tool. To optimize the design and to find the best
design by a factor of safety, lightweight, sustainability, high withstand capacity is
analyzed by Catia. After the deep analyzation, concept 5 had more result than rest of
the three, concept 5 has selected of this project. Because of the honeycomb structures.
Honeycomb structures are natural or man-made structures that have the geometry of a
honeycomb to allow the minimization of the amount of used material to reach the
minimal weight and minimal material cost.

5.4 Material selection
There are a lot of materials are being used for the base frame, even lightweight materials
are available in the market, however in this project, the tensile machine has 500 kg, also
consider the factor of safety and Biomimicry concept. Doing benchmarking the
Aluminum and stainless steel is used by manufacturers. This material has much
functionality and lightweight. However, CES Edupack is a tool to find out the material
and the property is also considered for the project. The tool having many options which
shows the mechanical, electrical properties and cost. Finally, with help of CES Edupack
stainless steel has been chosen. Stainless steel is alloys of iron with chromium, nickel. Its
hard material and have an excellent durability moreover its safe. The thermal
environmental load is very less comparing to other material also it's also lightweight. The
project requirement was good enough hardness, high Young's modulus, high strength etc.
stainless steel has project requirement.
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5.5 Levels of Biomimicry Information
In addition to these approaches are consistent of three levels of biomimicry must be
applied also to design problems. From the biomimetic technologies and techniques
well noticed that there is three level of mimicry are the organism level, behavior
level, and ecosystem level. In the part of organism-level deals with the mimicry of a
certain organism or mimicry of apart from the whole organism. And the second level
illustrates with the mimicry of the behavior of which every organism behaves. In the
final level demonstrate the mimicking the whole ecosystem and this level considers as
the hardest level. It is focused on a functionally very hard issue to mimic. Each level
is involved with a layer of the design of an organism and which determine to which
extent the mimicry exists. These levels are of paramount importance and they
complete the biomimicry approaches.
Levels Of Biomimicry

Aspects of the levels

Organism Level (Mimicry of
A Specific
Organism)

From

The structure looks like a honeycomb

Material

The structure is made from the same material as
a honeycomb.
The structure is made in the same way as a
honeycomb.
The structure works in the same way as an
individual honeycomb.
The structure functions like a honeycomb in a
larger context
The structure looks like it was made by a
honeycomb; a replica of a honeycomb mound
for example
The structure is made from the same materials
that a honeycomb builds with; using digested
fine soil as the primary material for example
The structure is made in the same way that a
honeycomb would build

Structure
Process
Function
Behaviour Level (Mimicry
of How an Organism
Behaves or Relates to Its
Larger Context)

From

Material

Structure
Process

The structure works in the same way as a
honeycomb mound would; by careful
orientation, shape, materials selection and
natural ventilation
The structure functions in the same way that it
would if made by honeycomb; internal
conditions are regulated to be optimal and
thermally stable
The structure looks like an ecosystem (a
honeycomb would live in)

Function

Ecosystem Level (Mimicry
of an Ecosystem)

From
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Material

The structure is made from the same kind of
materials that (a honeycomb) ecosystem is made
of; it uses naturally occurring common
compounds
The structure is assembled in the same way as a
(honeycomb) ecosystem
The structure works in the same way as a
(honeycomb) ecosystem

Structure
Process
Function

The structure can function in the same way that
a (honeycomb) ecosystem would and forms part
of a complex system by utilizing the
relationships between processes

Table 4 Levels of biomimicry information

5.6 Bio-Inspired Structure
Multiscale structures of biological materials exhibit inherent multifunctional
integration. This special biological solution provides some inspiration for scientists
and engineers to design multifunctional artificial materials with multiscale structures.
Multiscale structures ranging from Nano, micro to the macro are characteristic for
biological materials, which play a significant role in achieving structural and
functional integrity. In the last few decades, a substantial number of natural materials
have been investigated by scientists and engineers from multidisciplinary fields. It
was found the inherent multiscale structure of biological materials is not unfunctional
but multifunctional.
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6. CONCLUSION
The combination of the product development process has been successfully integrated
into the engineering design process, and a new process model has been developed. The
integral combination of Traditional Product Development, Generic Design Analysis,
Optimization, and Biomimicry into the engineering design process has been a promising
and interesting approach as an initial step towards sustainable development of the new
product. With the new product, the development method can be used over many
disciplines with a good understanding of different disciplines. Moreover, the production
time can be saved also raw material can be saved so it can be considered as eco-friendly
product development. Furthermore, it can be used in the small-scale company and largescale company. For the exemplification of this project, the tensile machine has been used.
Where the tensile testing machine was in the state of the stationary stage. New product
development method used to transfer it with different discipline like mechanical
engineering, electrical engineering, transformation.
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7 CRITICAL REVIEW
In the current scenario, the engineering design process followed by a different
approach. Each process analysis framework provides a minimal impact on product
development and its concentrate on their own target value. The integral part of the
combination approach has been promising and interesting approach as an initial step
towards a sustainable development of new product. By utilizing the integral concept,
it has been used in the creation of a new product as well as in the redesign of existing
ones, in the latter case especially for testing new working principle.
In the first stage, each design process is evaluated and documented through
the analysis and measure the impact on product development. The article deals with
the concept of new product development, different stages of the process of base frame
design development are analyzed considering its objectives, implemented procedures,
functions and responsibilities division.
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APPENDIX
The combination of the new product development approach.

1. Important to identify the task and describe the expected function and decision
to perform an analysis task.
2. Define and clarify the overall task content briefly.
3. Detailed planning of each task.
4. Necessary to consider the activity maintaining a list of potential projects.
5. Necessary to translate the function into the words understandable within
Biomimicry (In biomimicry design, the designer should know what nature
strategy and solution also what knowledge can is be gained from nature).
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6. To develop concept generation and morphology.
7. Completion of task content, the establishment of solution approach and
extraction of solution result.
8. Optimization technologies for both concept design and design fine-tuning
stages of a multi-disciplinary product design cycle (integrated analysis and
optimization product that has concept design and design fine-tuning capabilities
for structures).
9. Evaluation and conclusion of findings.
10. Communication of task findings and recommendations.
11. Implementation of task results and findings.
12. Focused on manufacturing and assembly support, support for vendors, and
help in introducing the product to the customer
Tensile machine
The preparation of test specimens depends on the purposes of testing and on the
governing test method or specification. A tensile specimen is usually a standardized
sample cross-section. It has two shoulders and a gage (section) in between. The
shoulders are large, so they can be readily gripped, whereas the gauge section has a
smaller cross-section so that the deformation and failure can occur in this area
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ÒIt was a really good experience for
me, also I got a lot of knowledge in
the product development process.
First, I thought the combination
process with Biomimicry process
was challenging. Later I found it is
easy also it is Eco-friendly process it
will help to natureÓ

ÒI had a Marine background, so it was
a new experience for me. I love to go
with challenges I found interest in this
field. Also, I love nature Biomimicry
process is really dealing with natureÓ
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