


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                    
                

                
                    
                        
                            
							
                        

                    

                

                
                    	
                            Log in
                        
	
                            Upload File
                        


                

            


            
                
                    	
                            Most Popular
                        
	
                            Art & Photos
                        
	
                            Automotive
                        
	
                            Business
                        
	
                            Career
                        
	
                            Design
                        
	
                            Education
                        
	
                            Hi-Tech
                        


                    + Browse for More
                

            

        

    



    
        
            
                
                

                
                	Home
	Documents

	Biomimicry in Engineering Designilkerpolatoglu.cbu.edu.tr/docs/biomimetic lecture 4.pdf ·...



                




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

24
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            

            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
            Biomimicry in Engineering Design There are five major phases to engineering design: ✓ Gathering needs ✓Concept generation ✓Embodiment design ✓Detailed design ✓Implementation Biological organisms, strategies and phenomena, herein referred to as biological systems, can offer inspiration throughout the design process, 
        

        
    






				            

        

    









                
                    Biomimicry in Engineering Designilkerpolatoglu.cbu.edu.tr/docs/biomimetic lecture 4.pdf · Biomimicry in Engineering Design Examples include applications in materials science and


                    
                                                Download PDF
                        
                        Report
                    

                    
                        	
								Upload

									others
								

							
	
                                View

                                    11
                                

                            
	
                                Download

                                    0
                                

                            


                    

                    
                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                            
Pinterest

                        

                    


                    
                

                

                    
                    Embed Size (px)
                        344 x 292
429 x 357
514 x 422
599 x 487


                    

                    

                    
                                        Citation preview

                    Page 1
						

Biomimicry in Engineering Design
 There are five major phases to engineering design:
 ✓ Gathering needs
 ✓Concept generation
 ✓Embodiment design
 ✓Detailed design
 ✓Implementation
 Biological organisms, strategies and phenomena, herein
 referred to as biological systems, can offer inspiration
 throughout the design process,
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Biomimicry in Engineering Design
 ➢ Examples include applications in materials science and
 engineering, biomedical engineering, mechanical
 engineering, electrical engineering and architecture .
 ➢ Examples introduce the biological system being mimicked
 and discuss the relation of the inspiring biological principle to
 the engineering domain.
 ➢ The hands-on activities in a design course generally consist
 of product tear-down and prototyping.
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Abstractions
 A major emphasis throughout the lectures is on making connections between
 biological systems and the engineering domain through the use of
 abstractions. Abstractions are critical in the engineering design process,
 especially when taking inspiration from another domain such as biology.
 Changing the biological information into a more generalized context
 through abstractions facilitates design inspiration as one can more easily
 connect the abstractions with engineering principles, components and systems
 to develop biomimetic concepts and designs. Example engineering and
 biological abstractions are given in Table 1.
 Original System Abstraction
 An electric motor turns electricity intorotational movement.
 Electrical energy is converted intomechanical energy
 The hydrophobic surface of a lotusflower has micro sized crevasses thatminimize the contact area of particlessuch as water and dirt
 Surface roughness can repel particles
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Historical Examples
 With Velcro being an invention of the 1950s students generally do not know the
 history of the material, but are very familiar with it. This makes for a fun
 and informative example. Along with the images of the cocklebur provided in
 Figure 1, a short story of George de Mestral (de Mestral 1955) is given. The
 story describes de Mestral walking through the woods with his dog, which is
 when he became interested in the small objects attached to him and his
 pet. Students immediately see the similarity between the two systems once
 the patent photos of Figure 1 are revealed
 Figure 1: The cocklebur and the material it inspired
 https://www.researchgate.net/publication/230881322_Velvet_type_fabric_and_method_of_producing_same?el=1_x_8&enrichId=rgreq-fc630442-958a-4ae4-87fb-f9f95e8b3228&enrichSource=Y292ZXJQYWdlOzI4MTAzNDY4NztBUzoyNjM0OTY3ODkxMzEyNjRAMTQzOTgzMzkzODQxNA==
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Historical Examples
 The airplane is another system that is very familiar to the students
 (Figure 2). The connection between airplanes and birds is obvious, however,
 this example points out a very important point about biomimicry - mimicry
 does not require directly copying the biological system. As engineers, we can do
 more than copy what we see, we can learn from biology. In the case of flight,
 learning how birds fly and soar through the air lead to the field of
 aerodynamics.
 Figure 2: A bird and the machine it inspired
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Recent Examples
 The lotus flower is a beautiful plant and in the wild it is never seen dirty. As
 shown in Figure 3,the microscopic surface of the flower supports the theory that
 dirt particles and water do not stick to the surface. Investigating the science of
 the flower’s surface has lead to products that have self-cleaning surfaces, such
 as glass or camping gear. Students are challenged to guess the design
 applications of mimicking the lotus flower and the function of self-cleaning
 surfaces before the research results are shown.
 Figure 3: Example of self cleaning surfaces inspired by the lotus flower
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The fly is a well studied animal and has provided numerous examples of
 biomimicry. While micro air vehicles with flapping wings are an obvious connection
 to the engineering domain, the subject of compound vision and the motion
 detection sensors it can inspire is also discussed. Figure 4 provides images used
 in lecture. Again, this is another example of learning from nature rather than
 copying it directly. Students are challenged to learn about photoreceptors and how
 they can be applied to sensor applications before the research results are shown.
 Recent Examples
 Figure 4: Example of motion detection sensor inspired by compound vision
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Termites are great builders, as evidenced by the large and intricate homes
 they build. Investigation of how the internal temperature stays at a comfortable
 level reveals that termites exploit fluid flow properties and create a chimney or
 stack effect to keep the internal air circulating. Figure 5 shows an example of
 the internal structure of a termite mound with arrows depicting the air flow and
 one of the inspired self-cooling buildings. This is an example of sustainable
 architecture. Students are challenged to abstract the air flow principle and
 generate a list of applications before the research results are shown.
 Recent Examples
 Figure 5: Example of sustainable architecture inspired by termite mounds
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Biological inspiration is valuable in engineering design, but the
 designer must be able to relate the out-of-domain information to
 the working domain of engineering. This is achieved through
 connections. In the biomimicry module multiple methods for making
 connections are presented
 ➢ Simple abstractions
 ➢ Keyword searches
 ➢ Functional models
 ➢ Design-by-analogy
 ➢ Cased-based reasoning
 Making Connections

Page 10
						

The simple abstraction method for making connections between the biology and
 engineering domains is summarized into five steps:
 1. Identify an interesting biological system (e.g., organism, phenomenon).
 2. Read about and analyze the biological system.
 3. Abstract the key attribute(s) exhibited by the biological system. If the attributes
 are unclearitry considering the biological system from one of the following
 viewpoints:
 • Physiology = Vital functions of a system¥
 • Morphology = Structure of the system¥
 • Behavior = Instinctual or learned responses to stimuli
 4. Record the abstraction. Reflect on the abstraction.
 5. Connect the abstraction to engineering through a component, product, system,
 theory or a combination of these.
 Making Connections
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Abstraction from Latus Flower1. Identify an interesting biological system (e.g., organism, phenomenon).
 Phenomenon
 2. Read about and analyze the biological system.
 Surface structure of Lotus leaves
 3. Abstract the key attribute(s) exhibited by the biological system. If the attributes
 are unclearitry considering the biological system from one of the following
 viewpoints:
 • Physiology = Vital functions of a system¥
 • Morphology = Structure of the system¥
 • Behavior = Instinctual or learned responses to stimuli
 4. Record the abstraction. Reflect on the abstraction.
 Dirt particles and water do not stick to the surface
 5. Connect the abstraction to engineering through a component, product, system,
 theory or a combination of these.
 Self-cleaning surfaces
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An interactive example used in the module for challenging students
 to create a simple abstraction involves the armadillo. There are a multitude
 of aspects that could be analyzed about the armadillo, however, to keep the
 example simple and manageable for the students the focus is placed on the
 armadillo shell or armor morphology. In class, the images of Figure 6(a) are
 shown along with the following general background information:
 Abstraction Involves The Armadillo
 Figure 6(a): Armadillo Armor
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➢ The Tolypeutes species of armadillo, also called the southern three-
 banded armadillo, has three bands along its back, which allow it to
 roll up into a ball and shield itself from predators in the event of an
 attack.
 ➢The armor is made up of plates of dermal bones that are then
 covered in overlapping scales called scutes. This protective armor
 covers the animal’s tail, head, feet, and back.
 Abstraction Involves The Armadillo
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After discussing the images and text the students are asked, What is
 the abstraction in relation to the armadillo’s armor?
 This leads to a class discussion of how the biological system can be
 understood in a general context.
 Abstraction Involves The Armadillo
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Once a consensus has been reached the abstraction reconfiguration stops the
 enemy is given. Finally, the students are asked to share their response to, What
 does this abstraction make you think of? This is the point when connections are
 formed between biology and engineering. After several answers are given, the
 images in Figure 6(b) are shown and discussed. The stadium roof mimics the
 armadillo armor movement with the enemy being bad weather. The roof of a
 convertible also reconfigures to stop the enemy of bad weather, but offers a
 different approach to protecting.
 Making Connections
 Figure 6: Armadillo Armor Connections to Engineering
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Initial problem solving by inspiration from nature may have happened
 by chance or dedicated study of a specific entity such as a
 gecko. More recently engineering design researchers have created
 methods for transferring biological inspiration to the engineering
 domain. The goal is to create generalized methods and tools such that
 biomimetics can be broadly practiced in engineering design. The
 design methods and their respective design tools introduced and
 discussed in the module are:
 Design Methods and Tools
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1. Customized software with a database of engineering and biology
 entries: A software package entitled Idea-Inspire allows one to
 search a database comprised of natural and complex artificial
 mechanical systems for design inspiration. All database entries
 are indexed by behavioral language in the form of function-
 behavior-structure which captures the principle of the
 system. Each database entry is further classified under seven
 behavioral constructs. As an automated approach, the Idea-
 Inspire software aims to in-spire ideas for concept generation
 rather than solve the problem directly.
 Design Methods and Tools
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2. Natural language processing and keyword searches: The second
 design method introduced is an approach for developing
 engineering design analogies using functional keyword
 searches of biological literature. The engineering domain
 keywords are cross-referenced with Word net to define a set
 of natural-language keywords for yielding better results during
 the search. Often multiple natural-language keywords generated
 from the problem statement are used for the inspiration search.
 Design Methods and Tools
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3. Using the inventive problem-solving tool TRIZ (Theory of
 Inventive Problem Solving) matrix: Learning from biological
 systems a separate matrix was developed, named BioTRIZ, to
 reorder the principles of TRIZ to more closely reflect the biological
 path to the resolution of conflicts. This inventive problem-solving
 tool provides an objective framework for accessing solutions from
 previously developed technologies and other sciences.
 Design Methods and Tools
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4. Systematic reverse engineering of biological systems: Another
 approach to biomimetic design is through reverse engineering. A
 method has been developed that systematically transfers
 knowledge from biology to engineering through a seven step
 reverse engineering process specifically designed for
 analyzing biological systems. Application of the procedure results
 in idea generation. A behavioral model and truth table
 depicting system functionality allows the designer to describe the
 biological system with domain-independent terms and transfers
 general design principles
 Design Methods and Tools
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5. Function-based engineering design: Very few holistic design
 approaches to biologically-inspired design exist to date. The first
 holistic method and fifth design method introduced utilizes the
 framework of Function-based design. Systematic design
 of biologically-inspired engineering solutions arises from
 identifying, translating and representing biological information for
 the conceptualization of innovative solutions. Functional
 abstractions and representations are used throughout the
 five step process. The systematic design method provides enough
 structure without hindering the creativity and inventiveness of
 the designer.
 Design Methods and Tools
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6. The Biomimicry Institute design spiral: The second holistic
 method and final design method introduced is the design spiral of
 the Biomimicry Institute. Steps within the design spiral address,
 physical design, ... manufacturing process, the packaging, and all
 the way through to shipping, distribution, and take-back decisions
 .There are six phases within this process: identify, interpret,
 discover, abstract, emulate and evaluate. Each phase is comprised
 of multiple steps and encourages the designer to consider nature
 as a model, measure and mentor.
 Design Methods and Tools
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Biomimetic karşılaştırma-https://www.youtube.com/watch?v=k_GFq12w5WU
 Sensorics (mekanizma)- https://www.youtube.com/watch?v=Z0CrmQq9kKI
 robotics- https://www.youtube.com/watch?v=cScdCZRPZvc
 robotics- https://www.youtube.com/watch?v=A5dE_cIRhd0
 ICT-http://archive.bionetics.org/2015/show/program-preliminary
 ICT-https://heig-vd.ch/en/research/iict
 Material-https://www.youtube.com/watch?v=KgjmcvYKU3I
 Material-http://varghese.pratt.duke.edu/research/smart-bioinspired-materials
 Material-https://regenerativebiomaterials.com/?page_id=11
 Bioceramics- https://www.youtube.com/watch?v=iUmjcBnF0Z4
 Material- https://www.youtube.com/watch?time_continue=7&v=MNctvU0LZ9M
 Bioceramics- https://www.youtube.com/watch?time_continue=41&v=mEMBmllitbg
 Bioceramics- https://www.youtube.com/watch?v=Mcod-rGy_vU
 Material- https://www.eurekalert.org/pub_releases/2017-01/aiop-ssd013117.php
 Prostetics-https://www.youtube.com/watch?v=luHmXHEpF7w
 Prostetics-https://www.youtube.com/watch?v=M4qcvTeN8k0
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Tissue engineering- https://www.youtube.com/watch?time_continue=3&v=2spbFpzyiJ0
 Nanobiotechnology- https://www.youtube.com/watch?time_continue=149&v=yxyCLoYfexo
 Nanobiotechnology- https://www.youtube.com/watch?time_continue=161&v=Cm90Md81zZQ
 Technomimetic- https://www.dailymotion.com/video/x49drpy
 Abstraction- https://www.youtube.com/watch?v=gi6rWD5k8qU
 Abstraction-https://www.youtube.com/watch?v=620omdSZzBs
 Abstraction- https://www.youtube.com/watch?v=Ik6cSj0KwI0
 Water strider- https://www.youtube.com/watch?v=E2unnSK7WTE
 Stenocara beetle- https://www.youtube.com/watch?v=TmyfqjXOf7M
 Superhydrophobic material-https://www.youtube.com/watch?v=a8VDzrgGPcg&feature=emb_logo
 The Superhydrophobic Surfaces with Highly Adhesive Forces-https://figshare.com/articles/Controllable_Water_Adhesion_and_Anisotropic_Sliding_on_Patterned_Superhydrophobic_Surface_for_Droplet_Manipulation/3125200/1
 Superhydrophobic coating- https://www.youtube.com/watch?time_continue=3&v=berp-odsKFo&feature=emb_logo
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