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[bookmark: _Toc171298917][bookmark: _Toc171299001]Abstract:
This report is split into two tasks containing task one which focuses on a robot gripper that is currently manufactured in small numbers and needs to be redesigned to be manufactured in large volumes. Task two of this report focuses on the redesign of a road bicycle stem using generative design techniques. The software used throughout this report to aid redesign in task one and two is SolidWorks and Fusion 360. First, SolidWorks is used to redesign a given robot gripper model and achieve a component that is more efficient to manufacture and assemble. Secondly Fusion 360 was used to 2D draw, extrude a 3D shape and redesign the road bicycle stem using additive manufacturing methods. By redesigning the road bicycle stem and using additive manufacturing techniques, the road bicycle stem was created using minimal material while keeping structural properties adequate for normal usage. The redesigned road bicycle stem would perform just as a conventional manufactured stem would. By using less material whilst keeping material properties adequate for usage of the stem, the road bicycle stem was also lighter than the average conventional stem of the same material (6061 aluminium). During this redesign the materials of conventional and additive manufactured stems remained the same with a different in manufacturing techniques to create a unique design. 
















[bookmark: _Toc171298918][bookmark: _Toc171299002]Task 1: Robot Gripper Redesign
[bookmark: _Toc171298919][bookmark: _Toc171299003]The Need/Introduction: 
A robotic tooling manufacturer has given me the task to review one of their robot gripper designs that is currently produced in small volumes. The robotic tooling manufacturer have requested a gripper redesign so it can be mass produced. The mass production volumes will be around 1000+ units per week. I have been given the initial model to research, develop and redesign to optimize the design efficiency and manufacturability of the gripper. The current gripper design is overcomplicated and will need to be heavily redesigned to ensure it is simple to manufacture and assemble.
[bookmark: _Toc171298920][bookmark: _Toc171299004]Concept Design Appraisal 
[bookmark: _Hlk170903344]In task one of this report, I will be undertaking a QFD (Quality Function Deployment) to ensure that the gripper given is redesigned and developed to meet the robotic tooling manufacturers wants and needs. In this report a QFD will be used as a customer-driven engineering tool to ensure product changes and updates increase customer satisfaction and ensure that all customer wants and needs are met. The current gripper design is manufactured in small quantities but needs to be redesigned for mass production (1000+ units per week). By completing a successful Quality Function Deployment and a design specification for the new gripper a range of concept/prototype designs will be created to give an overall outlook of needs before the final redesign takes place. The redesigned gripper will later be analysed to ensure all needs are met and to identify any issues within the design that could later be improved. 
[bookmark: _Toc171298921][bookmark: _Toc171299005]Expected customer: Robotic tooling manufacturer currently producing the gripper in small volumes. Robotic tooling manufacturer expect to achieve a simple and cost-effective gripper that can be manufactured efficiently at 1000+ units per week. Below are customer requirements and a compared customer importance rating. The most important aims of this redesign are manufacturability and assembly of the gripper to ensure that the redesign will implement improvements based on these factors. These two areas will be what this report will focus on to achieve a simpler end product. 




[bookmark: _Toc171298922][bookmark: _Toc171299006]Customer Requirements/Requirement importance:
(Least important 1-10 Most important) 
	
	Customer requirements
	Customer importance rating (1-10)

	1
	Simple to manufacture (1000+ Per Week)
	10

	2
	Low cost
	8

	3
	Durable
	6

	4
	lightweight
	4

	5
	Aesthetically pleasing
	4

	6
	Simple to assemble
	10

	7
	Easy to maintain/change parts
	8

	8
	Able to clamp parts effectively
	8

	9
	Quick setup/changeover
	6

	10
	Safe in use/maintenance
	8


 (Figure 1)



[bookmark: _Toc171298923][bookmark: _Toc171299007][image: ]QFD (Quality Function Deployment)(Figure 2)


[bookmark: _Toc171298924][bookmark: _Toc171299008]Current market research: (Examples of current grippers available). 
After some research it was found that there is a vast amount of two jaw robot grippers currently available to purchase. I have chosen two suitable grippers to briefly analyse and give ideas on how to redesign the current gripper design in place. These chosen grippers were also included in the QFD and scored adequately for a comparison of competitors. 
[bookmark: _Hlk171049808]Competitor 1: SCHUNK PGN-Plus-E 
(Eitel, 2024)
[image: A pair of metal mechanical devices

Description automatically generated with medium confidence]   [image: A diagram of a machine

Description automatically generated]
(Co, 2024) (Figure 3)           (Figure 4)
The mechatronic universal gripper makes the switch from pneumatic to electric components particularly easy: it has an identical mounting pattern to its pneumatic counterpart, and the 24-V gripper is easily controlled by digital I/O. Up to two gripping positions can also be monitored by means of an additional M8 standard connection. The required control and power electronics are already fully integrated into the compact module.
Advantages/specification: 
· Robust multi-tooth guidance: for precise handling
· High maximum moments possible: suitable for using long gripper fingers
· Lubricant pockets in the multi-tooth guidance: ensure process reliability and extended maintenance intervals
· Brushless DC servomotor: for almost wear-free use and a long service life
· Control via digital I/O: for easy commissioning and rapid integration into existing systems.
· Four-step adjustable gripping force: for simple adaption to sensitive workpieces
· Mounting from two sides in three screw directions: for universal and flexible gripper assembly
· Integrated sensor system and comprehensive sensor accessory program: for versatile querying possibilities and stroke position monitoring
· Control via IO-Link: enables the prepositioning of the gripper finger and the evaluation of the gripper condition
Overview: Competitor one is a robust, complex and expensive gripper so would not be suitable for cost effective high production numbers. It would take an extensive amount of time to manufacture, assemble and produce. 
Competitor 2: Robotiq 2F-85 
(Robotiq, 2024) (Figure 5)
[image: A black and silver robotic arm
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Advantages/specification: 
Designing for Collaborative Robots 
· Two large stroke options: 85mm and 140mm
· Patented finger design for both internal and external parallel gripping and unique inclusion gripping mode

Simple Programming
· Easy-to-use software interface common to all Adaptive Gripper models
· Built-in gripping and dimensional verification
· Automatic part detection and position feedback

Ideal for industrial needs
· Stable hardware proven in the field
· High gripping force and payload capacity
Overview: Competitor two is again a robust, complex and expensive gripper that would be a great choice if cost and manufacture/assembly time were not an issue. The gripper that needs to be redesigned will need to be a simple unit and should not follow the above competitor’s level of detail. 

[bookmark: _Toc171298925][bookmark: _Toc171299009]Design Specification: Redesign of current gripper. 
Below is the original CAD/SolidWorks model of the gripper given. Various improvements from the completed QFD have been noted on a screenshot of the original gripper to show potential improvements that the gripper could benefit from. Parts can be merged to lower quantities and reduce assembly time/effort. Materials the of gripper could be changed to ensure the gripper is durable but lightweight. All unnecessary spacers, washers and screws can be removed, redesigned or changed. Original mounting points will need to remain to ensure end users have the compatibility they need to mount the gripper to the current robots in use. The whole gripper and both arms can be simplified to ensure manufacturing the gripper remains simple and cost-effective. The design efficiency of initial gripper has also been calculated to prove what parts are essential and non-essential.
[image: ]
(Figure 6)





[bookmark: _Toc171298926][bookmark: _Toc171299010]Lucas DFA method:  How to determine what parts are essential/non-essential and calculate design efficiency
[image: ]
(Figure 7)
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(Figure 8)
[bookmark: _Toc171298927][bookmark: _Toc171299011]End-user needs: 
After the redesign, development and manufacture of the gripper, it will be used in a range of engineering sections from automotive, aerospace and defence. End customers will expect the gripper to perform as intended so ‘end-user needs’ will need to be thoroughly thought about. The robotic tooling manufacturer want a produce that is simple to manufacture and assembly. Customers who purchase the gripper from the robotic tooling manufacturer will want a produce that is durable, lightweight, reliable and cost effective. Spares and replacements will need to be readily available for end users to ensure the newly designed gripper can be repaired in a short time frame. This will be thought about through the redesign of the gripper to ensure all targets and needs are met to give all customers high satisfaction.  
[bookmark: _Toc171298928][bookmark: _Toc171299012]Aesthetics:
The gripper will need to be as aesthetically pleasing as possible to ensure grippers are attractive for potential buyers. This will help the robotic tooling manufacturer to easily manufacture the gripper but also catch attention of potential customers. The gripper will need to be aesthetically pleasing to ensure that the robotics company can advertise and sell the gripper for use in all sections of engineering. The current gripper is not as aesthetically pleasing as it can be, fasteners are overused, the design is over engineered, and assembly times have not been thought about. All factors of assembly, reliability, function and manufacture will be factored into the new design to create an efficient and user-friendly component. 
[bookmark: _Toc171298929][bookmark: _Toc171299013]Concept design solution 1: 
[image: A drawing of a mechanical device
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The first sketch design solution features ideas from current needs and the design specification produced. Concept design solution one has used the original gripper design and simplified it to a certain level. Below I have listed improvements to simplify the gripper by reducing the number of parts. This would reduce manufacturing and assembly time a great deal to meet the most important customer requirements (Reduced manufacturing/assembly time). 
[bookmark: _Toc171298930][bookmark: _Toc171299014]Improvements of Concept Design 1: 
· Jaws now a one-piece design verses two-piece of the original gripper. Spacer for driven arm to servo moto also included in jaw design to remove unnecessary parts. (This modification removed the need for screws holding gripper arms and pads together).  
· Jaws simplified: All fillets, teeth, pads and pockets removed. This will reduce manufacturing time. 
· On the original design there were 4 different screw types holding the gripper together. On concept design one this has been reduced to two bolt types to simplify the design overall. 
· Unnecessary washers removed under arms. Arms redesigned to take up this space. (reducing number of parts and saving time during assembly). 
· Gripper arm to servo motor arm fastener removed and replaced with pin. 

[bookmark: _Toc171298931][bookmark: _Toc171299015]Concept design solution 2: (Improvement of concept design solution 1)
[image: A drawing of a mechanical device
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The Second design solution features a simular sketch to solution one with added improvements. This design is futher simplifed to reduce mainly manufacturing time. Assembly time will also be reduced with this design due to the mergiing of various parts and overall reduced number of components that need to be assembled to complete the gripper. I believe this design is more aestetically pleasing that the original model and concept design 1. 
[bookmark: _Toc171298932][bookmark: _Toc171299016]Improvements of Concept Design 2: 
· Complete jaw redesign to save manufacturing time. Jaws have been simplified and width reduced to meet this need. Spacer for driven arm to servo moto also included in jaw design to remove unnecessary parts. All fillets, teeth, pads and pockets removed. Unnecessary washers removed under arms. Arms redesigned to take up this space.
· On the original design there were 4 different screw types holding the gripper together. On concept design two this has also been reduced to two bolt types to simplify the design overall. 
· On the original design and concept design solution 1 the rear mounting part of the gripper had a range of parts that needed to be assembled to achieve a complete part. Concept design solution two features a one-piece design to decrease the number of parts and save assembly and manufacturing time. The need for spacers and screws has now been removed due to this one-piece design. 
· Gripper arm to servo motor arm fastener removed and replaced with pin.
· All unnecessary nuts removed and replaced with threaded holes in parts. (again, reducing number of fasteners and lowering assembly time and effort).















[bookmark: _Toc171298933][bookmark: _Toc171299017]Evaluation of initial and concept designs: 
	Design No. 
	No. of main body Parts
	No. of fasteners 
	Total No. of parts
	Manufacturability Score: 0-5 Good

	Initial design
	13
	29
	42
	1

	Concept design solution 1
	10
	19
	29
	3

	Concept design solution 2
	7
	6
	13
	5


(Figure 11)

   (Figure 12)
After analysing initial design, concept design one and two it is clear to see that the initial design has been improved from a ‘number of parts’ point of view. By decreasing the amount of parts assembly and manufacturing time will be dramatically reduced. This will help when manufacturing a component in high volumes. Concept design two is believed to be the most aesthetically pleasing of the three designs. This was crucial as the robotic tooling manufacturer did not have an issue with the way the gripper looked. Weight has been reduced due to removal of parts/fasteners and reduction of overall gripper pad thickness. Gripper function will remain the same as the given design as the fundamental function has not changed. The original mounting points also remain on all designs to ensure the gripper is compatible with the robot is intended to be used in conjunction with. 
As concept design two is an improved version of concept design one, it will be used as a base to further improve the final detailed design. There are various improvements that could be made to concept design two that will be include in the finial designed gripper. 

[bookmark: _Toc171298934][bookmark: _Toc171299018]Detailed design: 
[bookmark: _Toc171298935][bookmark: _Toc171299019]Record of design changes. 
[image: A screenshot of a computer
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(Figure 13)





[bookmark: _Toc171298936][bookmark: _Toc171299020]3D drawings of final design with all improvements made using previous design concepts and design specification. (front view)
[image: A blue and white mechanical tool
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(Figure 14)
[image: A blue and white mechanical tool
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(Figure 15)



[bookmark: _Toc171298937][bookmark: _Toc171299021]3D drawings of final design with all improvements made using previous design concepts and design specification. (rear view)
[image: A blue and white tool
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(Figure 16)
[image: A blue and silver tool
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(Figure 17)



[bookmark: _Toc171298938][bookmark: _Toc171299022]Manufacturing Engineering Drawings of Final Design and New Components:
[image: A blueprint of a mechanical tool
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Engineering drawing for new gripper design. This drawing can be used for manufactured of the new part. 


[image: A computer screen shot of a blueprint

Description automatically generated]   (Figure 19)2D engineering drawing for new driven gripper arm. This drawing can be used for manufactured of the new part. 

[image: A blueprint of a building

Description automatically generated]   (Figure 20)2D engineering drawing for second new gripper arm. This drawing can be used for manufactured of the new part. 

[image: A computer screen shot of a blueprint

Description automatically generated]   (Figure 21)  Engineering drawing for new mounting base. This drawing can be used for manufactured of the new part. 

[bookmark: _Toc171298939][bookmark: _Toc171299023]Design FMEA of final designs: 
During the evaluation of the final design I am going to be using a FMEA as a tool to recognize, evaluate and proritize potential failures in the design. By doing this it will help identify actions which may eliminate or reduce the chance of failure within the design. FMEA’s also ensure that all conceivable efforts on operational success have been considered, can improve quality, reliability and safety of the products being produced. FMEA’s have often helped to increase customer satisfaction by addressing any failures flagged that may not meet customer requirements or expectations. FMEA’s are great tools to reduce produce development timing/cost and also help to reduce operational risk. 
[image: A white sheet with text and colorful boxes

Description automatically generated with medium confidence]
(Figure 22)

[bookmark: _Toc171298940][bookmark: _Toc171299024]Recommended actions/Future Improvements: 
Gripper arms (bent gripper arms): Due to large RPN value and risk associated with gripper arm issues there should be a control measure inplace as a ‘back up plan’ to solve issue. 
Recommneded actions: Spares should be available to order/be kept in stock for changeover if arms are bent in process. 
Potential deisgn improvments to solve this issue: This gripper could be potentially improved and redesigned to ensure that gripper arms can be changed quickly and effectively. Arms are held on with X2 bolts and are attached to the servo motor/link arm. Arms would not take long to change if needed but could potentially be improved for a faster and more efficient changeover/repair in process. 
Gripper arm to servo motor link (Free play will occur from motor to gripper arms): Servo arm to motor link could potentially ware from metal-to-metal contact surfaces. 
Recommended actions: Include preventative maintenance tasks in instruction manual of redesigned gripper to ensure correct maintenance and checks are completed on gripper. This will ensure parts last as long as possible before the need for a change/service. 
Potential design improvements: This design could be improved by adding in a bush to minus ware on metal-to-metal contact areas. This part could also be manufactured as one to remove the link arm totally. This would reduce the number of parts and also manufacturing time. The driven arm of the gripper could be redesigned adding a link arm to it. 
Gripper base top/bottom (Failure to assemble gripper with worn/cross threaded holes): There is potential for holes to be cross threaded during assembly of gripper, this would result in a replacement of gripper base/top and bottom component and a loss in assembly time. 
Recommended Actions: Ensure manuals/instructions are provided to potential personnel assembling gripper. Torque figures/correct tooling should also be provided for assembly. 
Potential design improvement: potential redesign to merge parts and eliminate need for fasteners holding together top/bottom base plates. This would reduce assembly and manufacturing time. This would also eliminate any human error as this section of the gripper would no longer need to be assembled as it would be one complete part. 
Cross threading or worn fasteners used during assembly: Potential issue for cross threading of fasteners throughout the gripper design. There may be potential for worn fasteners to be used causing issue when assembling the gripper. 
Recommended actions: Manuals, torque figures and correct tooling should be provided before assembly. Grippers should be provided in kit form with all components needed for assembly. 
Potential design improvements: Again, by merging parts and eliminating the need fasteners throughout the design could eliminate this issue. All manufacture and assembly manuals should be clear and easy to follow to ensure correct assembly. 
[bookmark: _Toc171298941][bookmark: _Toc171299025]Comparison/Evaluation of old/new gripper designs:
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(Figure 23)
[image: A blue and white mechanical tool
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(Figure 24)
[bookmark: _Toc171298942][bookmark: _Toc171299026]Overview of final Design/Conclusion:
As shown in ‘figure 22’ and ‘figure 23’ there has been a dramatic redesign of the gripper and a large reduction of parts from old design to new gripper design. Most fasteners and spacers have been reduced and changed to create a sleek and simple design. Parts have also been merged to create a simpler more efficient design. The reduced number and merging of parts should dramatically reduce manufacture and assembly time of the gripper. This the most important factor when redesigning the given gripper due to the robot tooling manufacturer and its mass production needs. The sleek redesigned gripper has been improved to a point where the robotic tooling manufacturer could produce these efficiently in high production numbers. Although the design has changed, parts have been changed and fasteners removed the gripper has not lost its function. The gripper will function as it did previously which was factor that was thought about during the design process. I believe the Aesthetics of the gripper have been improved due to a simpler design. The initial gripper contained a lot of parts and was over complicated. This issue has been removed, addressed and improved throughout the design. The final designed gripper could be improved further as shown in the FMEA produced. I believe this method of redesign was the most efficient way to improve the design of the gripper. The gripper could have been remodelled from base but there were no noted issues from the robotic tooling manufacturer with its function.




[bookmark: _Toc171298943][bookmark: _Toc171299027]Task 2: Road Bicycle Stem Redesign. 
[bookmark: _Toc171298944][bookmark: _Toc171299028]Introduction: 
During this report I have been tasked with redesigning a component of choice using design for additive manufacturing (DfAM) tools and principles. The component of choice is a road bicycle stem. The road bicycle stem will first be drawn in 2D on the fusion 360 platform, extruded into a 3D model and later redesigned using additive manufacturing techniques to optimize the design. The reason for choice of this component is an interest in road cycling and the ever-growing need for lightweight road bike parts. The component chosen for this report will be a one off prototype part that will use additive manufacturing to create a lightweight part manufactured using a specific manufacturing method of choice (SLM technologies).
[bookmark: _Toc171298945][bookmark: _Toc171299029]Additive manufacturing:
Additive manufacturing technologies are starting to become increasingly popular and are used throughout industry to produce and redesign components of all shapes and sizes. The use of new additive manufacturing technologies and different materials has given the engineering industry scope to design and produce bespoke components with select material properties. New technology such as fusion 360 can be used to design, develop and test designed components as if they were manufactured and used in everyday life. This can assist companies to develop, redesign and improve new products that they manufacture. There is a clear advantage to additive manufacturing verses conventional methods of manufacturing, this is the privilege to freely design and improve unique components using programmes such as fusion 360. The main advantage of using additive manufacturing is to create a part with minimal material that can withstand its normal usage. By using this method of manufacturing a part can potentially become stronger, lighter, use less material, could be potentially manufactured quicker and overall costs could be decreased depending on the redesign produced. This method of manufacturing can increase the overall design efficiency of a component if correctly conducted.
[bookmark: _Toc171298946][bookmark: _Toc171299030]Research: Current Road Bicycle Stems
[image: Cinelli Cinelli Stem - Vai Stem]  (Figure 25)
(Cycles, 2024)
In this report the component of a road bicycle stem was chosen as it could benefit from a redesign using additive manufacturing techniques. There is a need for lightweight and aesthetically pleasing bicycle parts within the road cycling section. This redesign is to produce a lightweight low volume production run part that is aesthetically pleasing. Using additive manufacturing to redesign a road bicycle stem could be a good way to produce a prototype of a one-off prototype part. The stem is a component that connects the handlebars to the forks/frame of a bicycle and provide the intended user with control of the bicycles steering. The stem of a bicycle can be manufactured in a range of sizes/materials to suit the fit of a potential cyclist. “Road bike stems come in several lengths ranging from 60mm to 130mm and angles that range from -10 degrees to +17 degrees.” (Tushar, 2023). Stems can be manufactured using a range of materials such as steel, carbon fibre or titanium but are generally made from aluminium. Average road bicycle stems using 6061 aluminium range from weights of around 240-300 grams. 
Common materials used:
· Aluminium Alloy: Good formability, lower weight, sufficient strength. 
· Carbon Fiber: Good road vibration absorption/very lightweight 
· Steel: Not common due to higher weight but still used due to its durability/strength.
· Titanium: Expensive option but can offer good performance performance/weight.
General manufacturing techniques of bicycle stems:
· Extrusion: Aluminium stems are mostly manufactured by ways of extrusion. Stems are extruded into shape. This method is the most common way to manufacture a bicycle handlebar stem.
· Welding or gluing technique: Aluminium stems are sometimes joined or glued into shape.
· Cnc machining: Some stems are CNC machined using milling machines or lathes. This method can produce a accurate and precise stem but manufacturing processes can be time consuming and expensive. 
[bookmark: _Toc171298947][bookmark: _Toc171299031]Initial 3D drawing of handlebar stem: (Using Fusion 360) 
‘Figure 25’ is a 3D sketch of a simple road bicycle stem measuring 100mm centre of forks to centre of handlebars. This type of stem is used on a range of bicycles, from road to mountain bikes of all shapes and sizes. This is the initial design of the handlebar stem which represents an average manufactured stem and will be redesigned using topology optimization/generative design through the Fusion 360 platform. Using generative design/topology optimization will allow the material of the drawn shape to lay itself out using a mathematic method to optimize the given design space. I will add loads and constraints to the handlebar stem to ensure that the design created can withstand any forces added to it. This will give me the confidence that the generative design produced from the new design will withstand all forces just as a normal road bike stem would. 
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(Figure 26)
[bookmark: _Toc171298948][bookmark: _Toc171299032]What is topology optimization: 
A mathematical approach called topology optimization seeks to optimize the arrangement of materials within a specified design area, considering a given set of loads, boundary conditions and constraints, with the aim of maximizing the system's efficiency. The design can attain any shape within the design space, instead of dealing with predefined configurations, which is what topology optimization is about.
[bookmark: _Toc171298949][bookmark: _Toc171299033]Method of manufacturing and material used for redesigned stem: 
This report will focus on the manufacturing technique SLM technology (Selective laser melting). With the help of topology optimisation/generative design, the newly designed road bicycle stem will be manufactured from powder from 6061 aluminium. 
[bookmark: _Toc171298950][bookmark: _Toc171299034]Selective laser melting (SLM technology): Overview
Selective laser melting is a form of additive manufacturing that uses metallic powder and heat to create parts of all shapes and sizes. This is a form of metallic 3D printing that is widely used within the engineering industry. SLM technology can be used to produce small quality parts using a range of materials. This process is a great way to produce newly designed parts and prototypes that function in the same fashion as a normal production part. In a similar method to 3D printing, SLM components are built layer by layer and can be produced extremely accurately. SLM technology gives the designer scope to produce complex parts that could not be created from a cast or machined part. 
[bookmark: _Toc171298951][bookmark: _Toc171299035]SLM process: 
After initial 3D part is design using a chosen software (Fusion 360) a CAD file is sliced into multiple layers to create a cross section of each layer. The file is then saved and used to create a redesigned part using a SLM machine. During the process layers of metallic powder are layered upon in created order to create the designed shape. SLM 3D printers use high powered lasers to melt metallic powder and fuse each layer together. This process continues until the design part is full created. See ‘Figure 27’ for an example of an SLM process machine. SLM printers can use a range of materials to produce parts which could be Aluminium, copper, nickel, stainless steel, tool steel, titanium and precious metals. 
Advantages of SLM technology: 
· Parts can be produced with a large amount of available metals
· Complex parts and internal structures can be manufactured. 
· No need for tooling/structures/supports. 
· Reduced waste
· Fast production times
· Vast customization 
Disadvantages of SLM technology:
· SLM printers are costly. 
· High cost per part compared to normal manufacturing methods (machining/casting).
· All parts need secondary processes to finish (cleaning, polishing, machining, de-powdering, support removal). 
· Limited size of parts due to machine sizes. 
· Lots of energy needed to run SLM machinery/lasers. 


[bookmark: _Toc171298952][bookmark: _Toc171299036]Examples of SLM technology machinery/process: 
‘Figure 27’ shows a SLM machine from manufacturer ‘SLM Solutions’ and potential parts that can be created from a computer model. 
[image: A person wearing blue gloves and white coat

Description automatically generated]
(Kauppila, 2023)   (Figure 27)
[image: Diagram of an SLM machine, Reprinted from An overview of Direct Laser ...]
(Kurzynowski, 2024)   (Figure 28)
‘Figure 27’ shows an average SLM machine, and the process involved to create a component.  

[bookmark: _Toc171298953][bookmark: _Toc171299037]Examples of parts produced using SLM technology: 
[image: Several different types of metal parts

Description automatically generated]
(Hanaamt, 2024)   (Figure 29)
‘Figure 28’ shows some example parts manufactured using SLM technology from ‘SLM Solutions’.. As seen in ‘Figure 28’ the use of SLM technology can aid the manufacture of a range of complex parts. 

[bookmark: _Toc171298954][bookmark: _Toc171299038]Standard for Testing Bicycle Components ISO 4210-5:
Handlebar stem — Lateral bending test For stems which have a quill for insertion into a fork steerer, clamp the quill securely in a fixture to the minimum insertion depth as specified in ISO 4210-2:2014, 4.7.3, or for stem extensions which clamp directly on to an extended fork steerer, attach the extension to a fork steerer according to the manufacturer’s instructions and clamp this fork steerer securely in a fixture to the appropriate height. Assemble a test bar to the stem and apply a force of F1 at a distance of d from the axis of the stem as shown in Table 1 and Figure 2. Maintain this force for 1 min.
[image: A screenshot of a screen
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[image: A diagram of a stem
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4.3 Handlebar and stem assembly — Lateral bending test Assemble the handlebar and stem in accordance with the manufacturer’s instructions and, unless the handlebar and stem are permanently connected, e.g. by welding or brazing, align the grips portion of the handlebar in a plane perpendicular to the stem axis [see Figure 3 a) or Figure 4 a)]. For stems which have a quill for insertion into a fork steerer, clamp the quill securely in a fixture to the minimum insertion depth, or for stem extensions which clamp directly on to an extended fork steerer, attach the extension to a fork steerer according to the manufacturer’s instructions and clamp this fork steerer securely in a fixture to the appropriate height. Apply a force of F2 (see Table 2) at a distance of 50 mm from the free end of the handlebar and parallel to the axis of the fork steerer as shown in Figures 3 or 4. Maintain this force for 1 min.
[image: A screenshot of a computer
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(CDN Standards, 2024)
(Figure 30)


[bookmark: _Toc171298955][bookmark: _Toc171299039]Newly designed stem using fusion 360: 
Top View: (Cut out at fork location end) (Figure 31)
[image: A black object on a graph paper
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Bottom view: (Figure 32)
[image: A metal object with holes
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Top view with added boundaries and loads: 
[bookmark: _Hlk171299564]Loads: Loads added to handlebar and fork mounting points of road bike stem to ensure correct and accurate generative design is created with normal usage loads in mind. (Load of weight on handlebars/stem during normal bicycle usage). Fork mount location of road bicycle stem fixed, and forces applied to handlebar mount of stem in accordance with ‘Standard for Testing Bicycle Components ISO 4210-5’. The force of ‘1000 Newtons was added’ replicated from normal road bicycle stem testing. The ‘Standard for Testing Bicycle Components ISO 4210-5’ can be seen in ‘Figure 29)
[image: A yellow and green object
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Fixed (Fork Tube)

[image: A yellow and green tube

Description automatically generated]Bottom view with added boundaries and loads: 

(Figure 34)1000N
Fixed (Fork Tube)

Adding constraints/boundary before generative design is generated. This will create a barrier to ensure the handlebar mount of the design is kept intact and the dimensions of the mount remain: Top view (Figure 35)
[image: A yellow and green object with red and green objects
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Adding constraints before generative design is generated: Bottom view (Figure 36)
[image: A yellow and green object with a red circle
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[bookmark: _Hlk171298229][bookmark: _Toc171298956][bookmark: _Toc171299040]Generative design: Two preferred outcomes
[image: A screenshot of a computer
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(Figure 37)
[image: A screenshot of a computer
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(Figure 38)
[bookmark: _Toc171298957][bookmark: _Toc171299041][bookmark: _Hlk171299585]Generative design outcome 1: (Aluminium 6061)
‘Figure 38’ is the preferred example of the newly generative designed road bicycle stem. As seen in ‘Figure 38’ and ‘Figure 39’ with all loads applied to the road bicycle stem stresses are linear as shown via the stress view colour chart. Some material have been removed from the road bicycle stem to create a lighter, more aesthetically pleasing and symmetric component. This component is made of aluminium 6061 and could be manufactured using a SLM technology. The mass of the component is just 234 grams creating a very lightweight part. This proves that generative design can be used to create and improve bicycle components. Other bicycle components such as handlebars, pedals, seats, frames and forks could also be redesigned and improved using generative design to improve overall design efficiency. 
[image: A computer screen shot of a device
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(Figure 39)
[image: ]
(Figure 40)

[bookmark: _Toc171298958][bookmark: _Toc171299042]Example/research of Generative Design from a major manufacturer: (SRAM/Autodesk Bicycle prototype crank arms).

“SRAM has created a number of new crankarm prototypes in conjunction with Autodesk that use generative design to attempt to maximize their properties.

What is generative design? Well, rather than starting with a drawing of what they believe a product should look like, the designer instead defines the parameters needed for the final result - for a crank arm that might be its length, strength, weight, Q factor and construction method (forged vs 3D printed). These parameters are then entered into a computer software, in this case Fusion 360, and thousands of potential designs are generated in just a few hours. SRAM isn't the first mountain bike brand we've seen use this technique and there have been similar experiments in design optimization from Robot and Starling in the past few years.
[image: Close-up of a bicycle pedal

Description automatically generated]Autodesk claims these designs are unlike any a human could come up with and SRAM has now selected a number of them to prototype for real-world testing. Forbes reports that, "The end results from the design team employ differing materials of construction, and vary from something that still looks quite a bit like any other crankarm, but with significant portions of material removed, to a futuristic design that resembles a structural truss."

SRAM chose to focus on the crankarm because, unlike other areas of the drivetrain, it has remained generally identical to the version we were riding when the sport was invented. It's a structural component, so it has to be safe, but SRAM believed there was an opportunity to reduce the weight if it was approached in a new way. The titanium truss pedals in the video above certainly look lighter than conventional cranks but we don't currently have any concrete numbers on them, other than that they are apparently able to handle up to 10 g of force.




[image: photo]The method doesn't just remove material but it removes time from the process as well. By reducing the steps involved, its claimed an engineer can go from the design phase to the final product more quickly, and that ultimately means a cost-saving over the course of the R&D process.
At the moment, this is all early prototyping and there's no guarantee that it will be taken forward into a real-world product. Instead, SRAM is using it as a learning experience for its future product developments. Will King, Senior Design Engineer at SRAM, said, "We design products to get to the podium in the Tour de France, or to hope for medals in the Olympics. This helps us get to the finish line faster and more educated—to see where material needs to be, and where it can be removed. Generative design has a great app for our traditional construction materials, helps us understand loads and constraints, and pushes ideas we can evaluate.”

Basically, while the more unorthodox designs the software has generated are unlikely to ever be stocked on shelves, SRAM may be able to produce lighter, stronger and cheaper cranks in the future because of its experimentation. We look forward to seeing what real-world results come from this very cool partnership.” 
(Smurthwaite, 2021) (Figure 41)



‘Figure 40’ is an improved generative design example of the newly designed road bicycle stem. As seen in ‘Figure 40’ & ‘Figure 41’ With loads applied to the road bicycle stem, stresses are linear as shown via the stress view colour chart. A vast amount of material has been removed from the road bicycle stem to create a lighter, aesthetically pleasing and symmetric component. This component is made of Titanium 64l-4V and could be manufactured using a SLM technology. The mass of the component is just 0.176 grams creating an even lighter component than the aluminium equivalent. Using Titanium 64L4V would be a more expensive option that using aluminium but would be the perfect prototype part that could be produced if the part needed to be as lightweight as possible. 
[bookmark: _Toc171298959][bookmark: _Toc171299043]Generative design outcome 2 (Alternative material): (Titanium 6Al-4V)
[image: A computer screen shot of a blue and green object
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(Figure 42)
[image: A computer generated image of a blue and green object
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(Figure 43)

[bookmark: _Toc171298960][bookmark: _Toc171299044]Conclusion: 
[bookmark: _Hlk171299622]During this report, throughout task 2 there is extensive evidence that road bicycle parts are the perfect components to be manufactured using additive manufacturing techniques. With the ever growing want for lightweight bicycles and components, additive manufacturing aids this need. The generic road bicycle stem that was redesigned and shown in two materials would be a good component that benefits form additive manufacturing. The road bicycle stem is more aesthetically pleasing and is lighter overall using the same material. A range of materials could be used to produce this stem, but it is believed that the materials chosen would provide the best results. The aluminium equivalent would be the component of choice as the titanium equivalent would be the more expensive option. Overall, throughout task two of this report there has been a great deal learnt about additive manufacturing, the advantages, disadvantages, overall process, machinery, produced parts and materials used. I believe additive manufacturing will grow as a manufacturing process in the future and become a a well used primary process to manufacture prototype and mass produced parts. 
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Total Number of Parts in Initial and Concept Designs

Initial design	Concept design solution 1	Concept design solution 2	42	29	13	
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Table 1 — Forces and distances on handlebars

Bicycletype | Gt 1‘;3},:2'5"‘“‘5 Young adult bicycles| Mountain bicycles | Racing bicycles
Foree, Fy 600 600 1000 1000
Distance, d 300 300 300 230

mm
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Figure 2 — Handlebar stem — Lateral bending test
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Table 2 — Forces on handlebars

Forces in newtons

Bicycletype | GtV 1‘;3;:;‘;‘““5 Young adult bicycles| Mountain bicycles | Racing bicycles
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