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[bookmark: _Toc171868081][bookmark: _Toc172234258][bookmark: _Toc172481390]Abstract
This work explores the application of Design for Manufacturing (DfM) principles in optimizing two distinct components: a robotic gripper for electronics assembly and a bicycle handlebar stem. Task 1 focuses on Design for Assembly (DFA) to improve the gripper's manufacturability. Through analysis methods like the Lucas DFA, the project identifies areas for improvement and implements design changes. These changes, such as integrating components and replacing screws with snap-fit elements, streamline the assembly process, reducing complexity and potentially lowering production costs. Task 2 explores Design for Additive Manufacturing (DfAM) principles to redesign the handlebar stem. By leveraging DfAM's capabilities, the project creates a single-piece stem with an optimized internal lattice structure using Selective Laser Melting (SLM) and Titanium Alloy (Ti-6Al-4V). This DfAM approach achieves significant weight reduction compared to the traditional design while maintaining necessary strength.  Both tasks demonstrate the effectiveness of DfM principles in enhancing component design for specific manufacturing processes.  In Task 1, DFA principles streamline assembly for the gripper, while in Task 2, DfAM principles unlock design freedom and performance improvements for the handlebar stem. This combined approach highlights the potential of DfM to revolutionize design and manufacturing across various industries.
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Grippers, the robotic hands of automation, play a vital role in various industries, particularly electronics assembly.  However, existing gripper designs often prioritise functionality over manufacturability and user experience, leading to challenges in mass production and integration. This project aims to address this gap by redesigning a current gripper specifically for electronics assembly.
The project prioritises a balance between functionality and cost-effective mass production. Traditionally focused on gripping force and compatibility, this redesign will incorporate Design for Manufacturability (DFM) principles to simplify the design and potentially reduce production costs.
Understanding customer needs through market research and user surveys is crucial. The design phase will leverage this research alongside creative brainstorming and advanced CAD software. Additionally, the chosen manufacturing process will be carefully considered, taking into account production volume, project budget, and material selection to ensure suitability for high-volume production. Ultimately, this project seeks to create a redesigned gripper that merges functionality with efficient, high-volume production, specifically addressing the needs of the electronics assembly industry and contributing to advancements in automation technologies.
[image: ] (UWTSD, 2024)
[bookmark: _Toc171875859][bookmark: _Toc172481339]Figure 1 - Original Gripper to be redesigned
[bookmark: _Toc171868083][bookmark: _Toc172234260][bookmark: _Toc172481393]Concept Design Appraisal
[bookmark: _Toc171868084][bookmark: _Toc172234261][bookmark: _Toc172481394]Customer and End-User Needs 
Effective gripper redesign demands prioritising user needs in the dynamic automation industry. This project conducted a user-focused needs analysis, specifically for electronics assembly grippers. Through research (Tai, 2016), seven key features emerged: reliable grip, high precision , durability, ease of maintenance, and pinch protection. A weighted system prioritises these features, ensuring the redesigned gripper addresses real-world demands for optimal performance in electronics assembly (Bingham, 2023).
[bookmark: _Toc171868085][bookmark: _Toc172234262][bookmark: _Toc172481395]Quality Function Deployment (QFD)
This section of your essay will discuss the development of your gripper design using the Quality Function Deployment (QFD) method and a comparison with competitor grippers in the electronics assembly industry. (Bossert, 1991)

[image: ] (Tobin, 2024)
[bookmark: _Toc171524898][bookmark: _Toc171875860][bookmark: _Toc172481340]Figure 2 - Screenshot of Gripper QFD overview

Through market research or user interviews, key customer needs are identified.  In our case, these needs prioritise reliable grip, durability, lightweight construction, cost-effectiveness, high precision, pinch protection, and ease of maintenance (che soh, 2012). 
[image: ] (Tobin, 2024)
[bookmark: _Toc171524899][bookmark: _Toc171875861][bookmark: _Toc172481341]Figure 3 - Screenshot of QFD 'Whats' and Weight/Importance

The QFD process translates these needs into concrete engineering characteristics, like "Grip Force Control" for reliable grip, and establishes relationships between them (O’Reilly, 2015). Each need is also assigned a weight reflecting its importance. By analysing these relationships and weights, the QFD process prioritises design efforts. Target values are then established for each engineering characteristic, such as a target grip force range for secure handling. Difficulty ratings consider the complexity of achieving these targets.
[image: ] (Tobin, 2024)
[bookmark: _Toc171524900][bookmark: _Toc171875862][bookmark: _Toc172481342]Figure 4 - Screen shot of 'whats' & 'hows' and the relationships
The QFD process bridges the gap between user needs and design solutions. For example, user need for "ease of maintenance" (4.0) and the engineering characteristic "modular design." relationship might be considered moderate. While a modular design wouldn't directly guarantee ease of maintenance, it would certainly contribute to it.. Similarly, "high precision" translates to "sensor accuracy," ensuring accurate positioning for delicate tasks.  QFD translates user priorities into actionable features, creating a user-centric gripper design.
[image: ] (Tobin, 2024)
[bookmark: _Toc171524901][bookmark: _Toc171875863][bookmark: _Toc172481343]Figure 5 - Screenshot of competitor comparison
Understanding the competitive landscape is equally important. The gripper design is compared with existing offerings across various price ranges – simple grippers sub £500 (RS, 2024) , mid-range grippers £500-£1,000 (international, 2024), advanced grippers £1,000-£2,000 (SCHUNK, 2024), and high-precision grippers £2,000 (robot, 2024). Each competitor is evaluated based on the same customer needs used in the QFD analysis. This benchmarking exercise allows us to identify areas where our design excels and areas requiring further development. The competitive analysis highlights that achieving high precision and robust pinch protection might require further focus. While affordability is a key focus, future design iterations can explore incorporating features like high-precision sensors or improved safety mechanisms to enhance the gripper's overall capabilities.
In summary, this QFD-driven design prioritises user needs and market competitiveness. The focus on lightweight construction, affordability, and durability aligns well with the electronics assembly market. Future design iterations can address areas like high precision and pinch protection to create a well-rounded and competitive gripper solution.
[bookmark: _Toc171868086][bookmark: _Toc172234263][bookmark: _Toc172481396]Design Specification Development 
This Product Design Specification (PDS) outlines the development of a robotic gripper specifically designed for use in an electronics assembly line. The primary function of this gripper is the precise and high-speed picking and placing of delicate electronic components. This document details the problem definition, design requirements, constraints, and preliminary design considerations for the gripper.
The focus of this design is on achieving reliable and efficient operation within the electronics assembly environment.  Safety, sustainability, and adherence to relevant standards will be prioritised throughout the development process. This PDS serves as a comprehensive roadmap for the design and development of the gripper, guiding the project from initial concept to final prototype.
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(Tobin, 2024), (Planet, 2024), (ISO, 2023), (Gov.uk, 2024)
[bookmark: _Toc171875864][bookmark: _Toc172481344]Figure 6 - PDS for Gripper - Constraints
[bookmark: _Toc171868088] Design Specifications
The design specifications for this robotic gripper prioritise functionality while addressing the key customer needs identified through market research and the QFD analysis. This ensures the gripper effectively fulfils its purpose within the electronics assembly line environment, while also considering factors like user safety, maintainability, and cost-effectiveness.
Functional Requirements
[image: ]
(Tobin, 2024), (O’Reilly, 2015) , (Li & Qiao, 2019), (S.N. Kolpashnikov, 1990), (Haili Li, 2021)
[bookmark: _Toc171875865][bookmark: _Toc172481345]Figure 7 - PDS for Gripper – Functional Requirements
Non-Functional Requirements
[image: ]
(Tobin, 2024), (Shintake, 2018), (Gholaminezhad, 2017), (Boothroyd, 1996), (Colle, 2020), (ISO, 2023)
[bookmark: _Toc172481346]Figure 8 - PDS for Gripper – Non-Functional Requirements
By addressing both functional and non-functional requirements, these design specifications aim to create a gripper that effectively fulfils its role in the electronics assembly line. The prioritisation of customer needs, user safety, and maintainability creates a robust and cost-effective solution that meets the demands of the manufacturing environment.


[bookmark: _Toc171868089][bookmark: _Toc172234264][bookmark: _Toc172481397]Public Perception and Aesthetics
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(Tobin, 2024), (Colle, 2020)
[bookmark: _Toc171875866][bookmark: _Toc172481347]Figure 9 - PDS for Gripper – Public Perception and Aesthetics













[bookmark: _Toc171868090][bookmark: _Toc172234265][bookmark: _Toc172481398]DFA method
Design for Assembly (DFA) is a systematic approach that analyses a product's design with the goal of simplifying and streamlining its assembly process. (Siemens, 2024) By focusing on factors like the number of parts, ease of handling, and fastening methods, DFA helps identify potential bottlenecks and areas where the design can be optimised for efficient mass production.
[image: ] (UWTSD, 2024)
[bookmark: _Toc171524902][bookmark: _Toc171875867][bookmark: _Toc172481348]Figure 10 - Table for the Lucas DFA method
The Lucas DFA method is a popular tool used in DFA analysis. It assigns point values to various aspects of the assembly process, such as part handling, insertion difficulty, and alignment. (Lucas, 2024) A higher score indicates a more complex assembly that might be challenging for high-volume production.
[bookmark: _Toc171868091][bookmark: _Toc172234266][bookmark: _Toc172481399]Manual handling analysis
[image: ] (Tobin, 2024)
[bookmark: _Toc171524903][bookmark: _Toc171875868][bookmark: _Toc172481349]Figure 11 - Lucas DFA method Manual Handling results table of gripper
The Lucas DFA method's Manual Handling analysis, a table assigning difficulty scores to handling actions during assembly, reveals a critical issue. The high score for "Gripper Screws" indicates this step is the most challenging and time-consuming. This, along with the design's overall complexity, highlights the need for improvement to optimise the gripper for efficient mass production.
[bookmark: _Toc171868092][bookmark: _Toc172234267][bookmark: _Toc172481400]Manual fitting analysis
[image: ] (Tobin, 2024)
[bookmark: _Toc171524904][bookmark: _Toc171875869][bookmark: _Toc172481350]Figure 12- Lucas DFA method Manual fitting analysis results table of gripper

The Lucas DFA method's Manual Fitting Analysis, similar to the handling analysis, assigns difficulty scores to various assembly actions. Here, the high score for "Alignment" (0.7) during "Multiple insertions" reveals challenges in precisely positioning components, potentially leading to errors and slower production. Similarly, high scores for "Sensor Units" and "Actuating Screws" (0.7 each) indicate difficulty in fitting these components precisely. These fitting challenges, combined with the handling complexities, expose the current design's limitations for efficient mass production due to its inherent complexity and potential for errors.
[bookmark: _Toc171868093][bookmark: _Toc172234268][bookmark: _Toc172481401]Design Efficiency Analysis
[image: ] (UWTSD, 2024)
[bookmark: _Toc171524905][bookmark: _Toc171875870][bookmark: _Toc172481351]Figure 13 - Lucas DFA essential/non-essential part decision tree
The Lucas DFA method's functional analysis categorises gripper parts based on their core function: gripping and sensing (Maidin, 2018). Essential components, like gripper fingers and sensors, directly enable these functions. Non-essential components, such as screws and wiring, facilitate assembly.
[image: ] (Tobin, 2024)
[bookmark: _Toc171524906][bookmark: _Toc171875871][bookmark: _Toc172481352]Figure 14 - Essential/non-essential analysis of gripper
Analysing the design revealed a 50% functional efficiency (Ed = A/(A+B) x 100% , where A is essential and B is non-essential components), indicating half the parts are non-essential. This highlights opportunities to streamline the design and reduce part count for efficient mass production. (Iñigo Ezpeleta, 2019)
The limitations shown by the DFA analysis necessitate a redesigned gripper that prioritises ease of assembly. By incorporating DFA principles from the outset, the design can be optimised for efficient and cost-effective mass production. This could involve reducing the number of parts and exploring alternative fastening methods, ultimately resulting in a gripper that is both functional and production-friendly.
[bookmark: _Toc171868094][bookmark: _Toc172234269][bookmark: _Toc172481402]Design and Development Work Undertaken
[bookmark: _Toc171868095][bookmark: _Toc172234270][bookmark: _Toc172481403]Techniques and Methods for New Designs or Features
[image: ] (Tobin, 2024)
[bookmark: _Toc171875872][bookmark: _Toc172481353]Figure 15 - Redesigned Integrated gripper finger

[image: ] (Tobin, 2024)
[bookmark: _Toc171875873][bookmark: _Toc172481354]Figure 16 - - Redesigned base plate
The redesigned gripper reflects a user-centric approach informed by several key analyses. The QFD process ensured the design addresses user needs, while the PDS established functional requirements. Crucially, the DFA analysis identified opportunities for efficient assembly, influencing design choices like potentially replacing screws with snap-in clips. This collaborative approach prioritises both functionality and manufacturability for the redesigned gripper.
Autodesk Fusion 360, a powerful 3D CAD software, bridged the gap between design concepts and the physical gripper. It facilitated rapid 3D visualisations for early feedback and design iterations, saving time and resources. Virtual assembly modelling within Fusion 360 ensured efficient assembly, aligning with DFA principles. Furthermore, the software supported Design for Manufacturability (DFM) considerations, allowing exploration of features like snap-fit components for optimised manufacturing. (Anandita, 2022)
The redesigned gripper incorporates innovative features that address user needs and design goals. One example is integrating the gripper fingers with the actuation mechanism. This change derived from the DFA analysis aims to reduce part count and assembly complexity while maintaining functionality. Another key improvement involves replacing screws with snap-in clips. This modification aligns with the DFA's suggestion for streamlined assembly.  Snap-in clips could significantly reduce assembly time and eliminate the need for tools, enhancing both efficiency and user experience on the production line.
Finally, the redesigned gripper might benefit from the integration of sensor units.  These sensors could provide valuable feedback on grip force, object presence, or other critical parameters.  This additional functionality would enhance the gripper's precision and control, ultimately leading to a more robust and versatile solution for users.


[bookmark: _Toc171868096][bookmark: _Toc172234271][bookmark: _Toc172481404]Manufacturing Process Proposal
[bookmark: _Toc171868097][bookmark: _Toc172234272][bookmark: _Toc172481405]Business/Company Needs and Cost Drivers
[image: ]
(Tobin, 2024)
[bookmark: _Toc171875874][bookmark: _Toc172481355]Figure 17 - Table of process considerations and reasons
[bookmark: _Toc171868098][bookmark: _Toc172234273][bookmark: _Toc172481406]Manufacturing Process Selection
To achieve our goal of dominating the high-volume electronics assembly market with the redesigned gripper, we need to select a manufacturing process that balances high performance with cost-effectiveness. The below processes need to be evaluated: 
[bookmark: _Toc171868099][bookmark: _Toc172234274][bookmark: _Toc172481407]Injection Moulding
This automated, high-volume process is ideal for producing complex yet standardised parts from thermoplastics. Advantages include High production rates, good repeatability, and potential cost savings for high volumes. Disadvantages include high initial tooling costs. (TWI, 2024)
[bookmark: _Toc171868100][bookmark: _Toc172234275][bookmark: _Toc172481408]Machining
This process provides greater flexibility in material selection and can handle complex geometries. Advantages include More flexibility than injection moulding. Disadvantages include Slower and more labour-intensive, leading to higher per-unit costs. (Karkana.IO, 2024)
[bookmark: _Toc171868101][bookmark: _Toc172234276][bookmark: _Toc172481409]3D Printing (Additive Manufacturing)
This technology offers design freedom and the ability to produce complex parts without traditional tooling. Advantages include Design freedom, suitable for prototyping and low-volume production. Disadvantages include Slower and more expensive than injection moulding for high-volume production. (May, 2022)
[bookmark: _Toc171868102][bookmark: _Toc172234277][bookmark: _Toc172481410]Selecting the Optimal Process by Component
[image: ] (Tobin, 2024)
[bookmark: _Toc171875875][bookmark: _Toc172481356]Figure 18 - Table of processes to be used per part and reason for redesigned gripper
[bookmark: _Toc171868103][bookmark: _Toc172234278][bookmark: _Toc172481411]Overall Optimal Process Selection
Considering the components and our goal of high-volume, cost-effective production, injection moulding appears to be the primary choice for the core components. Machining might be considered for specific components requiring higher precision or complex geometries not ideal for injection moulding. By carefully selecting the manufacturing process for each component based on its complexity, volume, and cost considerations, we can ensure the redesigned gripper achieves both high performance and cost-effectiveness for the targeted high-volume electronics assembly market.
[bookmark: _Toc171868104][bookmark: _Toc172234279][bookmark: _Toc172481412]Design for ‘X’ Evaluation Techniques
The implemented design changes have demonstrably improved the gripper's suitability for mass production by streamlining the assembly process. This is evident through the Lucas DFA method's Assembly Analysis.
[bookmark: _Toc171868105][bookmark: _Toc172234280][bookmark: _Toc172481413]Manual Handling Analysis
[image: ] (Tobin, 2024)
[bookmark: _Toc171524907][bookmark: _Toc171875876][bookmark: _Toc172481357]Figure 19 - Manual Handling Analysis for new design
A significant improvement achieved through design optimisation is the reduction in manual handling effort during assembly. The Manual Handling Analysis reflects this improvement with a substantial decrease in score. Previously, the score was 14.8, indicating significant manual handling complexity. The new design, incorporating snap-in features for the actuating rods, achieves a much lower score overall at 5.5. This significant reduction signifies a major simplification in the assembly process by eliminating the need for manual screw manipulation and associated physical strain.
[bookmark: _Toc171868106][bookmark: _Toc172234281][bookmark: _Toc172481414]Manual Fitting analysis
[image: ] (Tobin, 2024)
[bookmark: _Toc171524908][bookmark: _Toc171875877][bookmark: _Toc172481358]Figure 20 - Manual Fitting Analysis for new design
The Manual fitting Analysis also reflects this improvement with a substantial decrease in score .Previously, the score was 53, indicating significant complexity in fitting components together. The new design, with pre-assembled components like the integrated sensor units with pre-assembled wiring, achieves a much lower score of 9.2. This dramatic reduction signifies a major improvement in fitting ease. By eliminating the need for separate sensor unit insertion and manual wiring installation, the design streamlines the assembly process and minimises the potential for errors during fitment. 
[bookmark: _Toc171868107][bookmark: _Toc172234282][bookmark: _Toc172481415]Design Efficiency Analysis
[image: ] (Tobin, n.d.)
[bookmark: _Toc171524909][bookmark: _Toc171875878][bookmark: _Toc172481359]Figure 21 - Design Efficiency Analysis for new design

The design changes implemented have demonstrably improved the gripper's overall efficiency. While the core functionality of gripping and sensing remains unchanged, the new design reduces the number of non-essential components (screws, clips, separate wiring) needed for assembly. This streamlining is reflected in a significant increase in design efficiency, from 50% to 75%. In essence, the design optimisation has resulted in a gripper that requires fewer parts to manage during assembly, leading to a more efficient and cost-effective production process.
[bookmark: _Toc171868108][bookmark: _Toc172234283][bookmark: _Toc172481416]Risk Management Techniques
To ensure the redesigned gripper's success, the project will employ Failure Modes and Effects Analysis (FMEA). FMEA is a systematic method for proactively identifying and mitigating potential design risks. It analyses potential failure modes within a system, their effects on system operation, and the severity, occurrence, and detectability of each failure mode. (ASQ, 2024)

[image: ] (Tobin, 2024)
[bookmark: _Toc171875879][bookmark: _Toc172481360]Figure 22 - Screenshot of FMEA for gripper redesign
[image: ] (Tobin, 2024)
[bookmark: _Toc171875880][bookmark: _Toc172481361]Figure 23 - Screenshot of FMEA for gripper redesign gripper fingers
The FMEA table lists the components of the gripper, their functions, potential failure modes, causes of those failures, severity of the effects, likelihood of occurrence, ease of detection, and recommended actions.  For example,  the FMEA  considers  potential failure modes for the  gripper fingers,  including  wearing out and losing gripping force, or breaking due to excessive force. The table shows that  a sensor to monitor gripping force and design modifications  to improve strength  can be implemented to reduce the risk of these failures.
By completing an FMEA and addressing potential failure modes, you can  increase the reliability and safety of your redesigned gripper.

[bookmark: _Toc171868109][bookmark: _Toc172234284][bookmark: _Toc172481417]Environmental and Product Life Cycle Considerations
[bookmark: _Toc171868110][bookmark: _Toc172234285][bookmark: _Toc172481418]Environmental Impact Assessment
Throughout the redesigned gripper's life cycle, from material selection to end-of-life disposal, we must prioritise environmental responsibility. This begins with selecting recycled content and sustainable materials with lower environmental impact during extraction and processing, minimising associated energy consumption and pollution (Smalley, 2018). Partnering with environmentally conscious manufacturers and optimising production processes can further minimise energy consumption, waste generation, and reliance on hazardous chemicals (Osiris, 2019). Even the gripper's operational footprint can be minimised through energy-efficient design choices (Dreyer, 2006). Finally, designing for disassembly allows for easier recycling or responsible disposal of components at the end of life, ensuring minimal waste and maximising resource recovery (Ramanujan, 2023). By implementing these strategies across the entire life cycle, we can significantly enhance the sustainability of the redesigned gripper and demonstrate our commitment to responsible manufacturing practices.
[bookmark: _Toc171868111][bookmark: _Toc172234286][bookmark: _Toc172481419]Conclusion
The gripper underwent a redesign to optimise it for mass production. Design for Assembly (DFA) analysis identified areas for improvement, leading to simplified components and the incorporation of features like snap-fit elements. This streamlined the assembly process, reducing costs. Attention then turned to the manufacturing process itself. Injection molding became the primary method for producing core components. This technique excels in high-volume production and cost efficiency. Additionally, readily available engineering-grade plastics were selected, balancing affordability with the necessary strength. Through these techniques, the gripper can now be built quickly and consistently in large quantities.
Words – 2,750
[bookmark: _Toc172234287][bookmark: _Toc172481420]Task 2

[bookmark: _Toc172234288][bookmark: _Toc172481421]Introduction 
Additive Manufacturing (AM), also known as 3D printing, is rapidly transforming manufacturing across various industries. AM builds objects layer-by-layer, enabling the creation of complex geometries and internal structures that are impossible with traditional methods like machining or casting. Additive Manufacturing (AM) offers several key advantages for component design. Unlike traditional subtractive methods, AM allows for intricate features and complex shapes, while also enabling the creation of lightweight components through internal lattice structures. Additionally, AM facilitates part consolidation, simplifying assembly and reducing overall weight by combining multiple components into a single printed part. (Linke, 2017)
Design for Additive Manufacturing (DfAM) is a critical approach that leverages these AM advantages. DfAM involves specifically designing components for AM processes, maximising their benefits and overcoming potential limitations. This project focuses on applying DfAM principles to redesign a common bicycle component - the handlebar stem. The handlebar stem connects the handlebars to the fork, providing steering control for the rider. Traditionally manufactured handlebar stems often face limitations due to the constraints of subtractive or formative methods. (ProtoLabs, 2024)
[image: ] (Amazon, 2024)
[bookmark: _Toc172481362]Figure 24 - Traditional bike handle bar stem
Traditionally manufactured handlebar stems face limitations due to subtractive methods. These limitations include difficulty achieving lightweight designs with sufficient strength, an inability to integrate complex internal structures for weight reduction, and the need for separate components like spacers for adjustment, which increases complexity and potential assembly errors. However, the bicycle handlebar stem is a perfect candidate for DfAM due to its inherent complexity requiring a balance of strength and lightweight design. AM's ability to create internal structures and consolidate parts directly addresses these limitations, while also offering opportunities to improve rider comfort and control through features like customised grips or integrated cable routing. (3D, 2024)
[bookmark: _Toc172481422]Analysis of Existing Design
[image: ]
(Amazon, 2024)
[bookmark: _Toc172481363]Figure 25 - Existing design - TRIWONDER 31.8 Stem Adjustable Stem
This analysis examines a standard bicycle handlebar stem constructed from 6061 aluminium alloy. This material selection offers a good balance of strength, weight, and corrosion resistance, making it a popular choice for bicycle components. However, traditional manufacturing methods, which typically involve machining from solid aluminium, limit the design to removing material to achieve the desired shape. This subtractive approach restricts the ability to create complex internal features that could improve the strength-to-weight ratio of the stem. (Amazon, 2024)
The existing design consists of two main parts: the stem body that clamps onto the fork steerer tube and a separate clamp that secures the handlebars. This two-piece design necessitates separate assembly steps and increases the overall number of parts needed. Additionally, the solid design utilises a relatively thick wall section throughout the stem body. While this approach provides strength, it also adds unnecessary weight. Traditional manufacturing methods make it challenging to incorporate features like internal ribbing or lattice structures, which could significantly reduce weight while maintaining stiffness.
Potential stress points in the current design can be found at the areas where the stem clamps onto the fork steerer tube and the handlebars. These areas experience concentrated forces during riding and could be susceptible to fatigue failure. The abrupt transition from the handlebar clamp to the stem body might also be a potential stress concentration zone.
As a whole, the existing design of the bicycle handlebar stem is functional but offers opportunities for improvement, particularly in terms of weight reduction and potentially even increased strength. The limitations of traditional subtractive manufacturing restrict the design freedom for features that could optimise these aspects. The following section will explore how Design for Additive Manufacturing (DfAM) can address these limitations and create a superior handlebar stem.
[bookmark: _Toc172481423]DfAM Redesign Process
This section details the redesign process of the bicycle handlebar stem using Design for Additive Manufacturing (DfAM) principles. The goal is to address the limitations identified in the previous analysis and create a lighter, potentially stronger, and more functional stem.
[bookmark: _Toc172481424]DfAM Principles Employed
To address these limitations and create a superior component, the redesign process will leverage multiple Design for Additive Manufacturing (DfAM) principles.
Traditional handlebar stems often consist of separate components for the stem body and handlebar clamp. This two-piece design requires assembly and increases the number of parts. DfAM allows for the combination of these components into a single, integrated part. This not only simplifies assembly but also reduces the overall weight and potential for assembly errors. (Renishaw, 2024)
The solid design of the existing stem utilises a thick wall section throughout the body for strength. While effective, this approach adds unnecessary weight. DfAM empowers the integration of internal lattice structures within the stem body. These intricate structures can significantly reduce weight while maintaining the necessary stiffness and strength required for the component. By strategically designing the lattice pattern, the weight of the stem can be reduced without compromising functionality. (Ntop, 2022)
During the design process, the limitations and potential for optimising the component's placement within the AM build volume will be considered. This minimises wasted material during the printing process. Utilising the build space efficiently is crucial to not only reduce printing costs but also improve overall material efficiency. By strategically designing the component and potentially utilising nesting techniques within the build volume, the number of stems printed in a single build cycle can be maximised. (UnionFab, 2024)
[bookmark: _Toc172481425]AM Process and Material Selection

A critical aspect of creating a superior bicycle handlebar stem through redesign lies in selecting the optimal Additive Manufacturing (AM) process and material. This section details the chosen approach, focusing on Selective Laser Melting (SLM) and Titanium Alloy (Ti-6Al-4V).
[bookmark: _Toc172481426]Selective Laser Melting (SLM)
This powder bed fusion process utilises a high-powered laser to precisely melt and fuse metallic powder particles layer-by-layer. This technique creates a three-dimensional object with exceptional dimensional accuracy and intricate detail. The fine resolution of SLM allows for the creation of the intricate internal lattice structures envisioned for the redesigned stem. These structures are essential for achieving weight reduction while maintaining the necessary stiffness and strength required for the component. Traditional manufacturing methods would struggle to create such intricate features within the stem body. SLM is a well-established process for fabricating high-strength metal components. Its compatibility with various metal powders allows for the selection of materials with specific mechanical properties tailored to the application. For the handlebar stem, this enables the use of a strong metal alloy while maintaining the design freedom offered by AM. (Advincula, 2019)
[bookmark: _Toc172481427]Titanium Alloy (Ti-6Al-4V)
This titanium alloy is a strong contender for the redesigned stem due to its superior properties compared to the original 6061 aluminium alloy. Ti-6Al-4V offers a significantly better strength-to-weight ratio than aluminium.  This allows for the creation of a lighter stem while maintaining the necessary strength to withstand the forces encountered during cycling.  By utilising AM and Ti-6Al-4V, a significant weight reduction can be achieved without compromising the structural integrity of the component. Handlebar stems experience significant and repeated stresses during riding. Ti-6Al-4V exhibits excellent fatigue strength, making it ideal for components subjected to such loading conditions. This property ensures the stem's ability to withstand these stresses without failure, enhancing the overall durability and safety of the bicycle. (Véle, 2023)
Selecting Selective Laser Melting (SLM) and Titanium Alloy (Ti-6Al-4V) for the redesigned stem leverages SLM's precision for intricate structures and its compatibility with metals. Ti-6Al-4V's superior strength-to-weight ratio and fatigue strength enable a lighter, stronger, and more durable component, enhancing overall bicycle performance.

[bookmark: _Toc172481428]Design Iterations
The redesign process involved multiple iterations to explore the potential of DfAM principles and optimise the handlebar stem design.
[bookmark: _Toc172481429]Iteration 1: Consolidation without Optimisation
The initial design focused on implementing component consolidation by creating a single-piece stem body that integrated the handlebar clamp. While achieving the desired consolidation, this solid design offered minimal weight reduction compared to the traditional two-piece design. The challenge remained: how to significantly reduce weight while maintaining necessary strength.
[bookmark: _Toc172481430]Iteration 2: Introduction of Internal Lattices (Limited Optimisation)
The second iteration addressed weight reduction by incorporating a simple cubic lattice structure within the stem body. This approach achieved some weight savings but lacked optimisation for strength and stiffness. The cubic lattice pattern might not provide the ideal distribution of strength throughout the stem, potentially creating stress concentrations in critical areas.
[bookmark: _Toc172481431]Iteration 3 (Final Design)
The third iteration focused on optimising the internal lattice structure for weight reduction while ensuring structural integrity. This involved leveraging Finite Element Analysis (FEA) software. The FEA software analysed the stress distribution within the stem design from Iteration 2, particularly the cubic lattice structure.
Based on the FEA results, the lattice structure was strategically modified. Denser lattice patterns were implemented in areas identified as experiencing higher stress concentrations during operation. Conversely, areas with lower stress levels were given a more open and lightweight lattice design. This targeted optimisation resulted in a significant weight reduction compared to the original design. However, this reduction was achieved without compromising the necessary strength and stiffness required for the handlebar stem to function safely under expected loads. Finally, the final design underwent further FEA simulations to confirm its ability to withstand the forces encountered during cycling, ensuring its structural integrity and safety.
The culmination of the design process is a single-piece handlebar stem, crafted from high-performance Ti-6Al-4V titanium alloy using Selective Laser Melting (SLM). This innovative design leverages DfAM principles to achieve significant weight reduction without sacrificing strength.

The key feature of the redesigned stem lies in its optimised internal lattice structure. This intricate network, strategically designed based on FEA analysis, replaces a portion of the solid material within the stem body. This approach allows for a lighter weight component while maintaining the necessary strength and stiffness required for handlebar control and rider safety. The use of FEA software played a crucial role in optimising the lattice structure, ensuring it effectively distributes stress throughout the stem and avoids potential weak points.
[bookmark: _Toc172481432]Evaluation and Benefits
[image: ]
(Tobin, 2024)
[bookmark: _Toc172481364]Figure 26 - Comparison table of traditional stem vs redesigned stem
[bookmark: _Toc172481433]Benefits of AM for Handlebar Stem
Compared to the traditional two-piece aluminium stem, the redesigned DfAM stem boasts a lighter weight due to its single-piece, lattice-structured design in high-strength titanium. This not only improves performance but also potentially increases strength. AM's design freedom allows for this internal complexity, while DfAM principles simplify assembly and potentially reduce overall cost through material savings and a streamlined manufacturing process. While AM may require post-processing and might have material property limitations compared to traditional methods, the potential benefits in weight reduction, strength, and design freedom make it a compelling choice for the future of bicycle handlebar stems.
By leveraging DfAM principles, the redesigned handlebar stem benefits from both reduced assembly complexity and unparalleled design freedom. This means combining multiple parts into a single, integrated component eliminates the need for separate assembly steps and potential errors. Additionally, AM's capabilities unlock the creation of intricate internal structures like lattice designs, which are impossible with traditional subtractive manufacturing methods. This combination simplifies production while enabling significant design advancements.
AM's potential for cost reduction shouldn't be solely judged by the initial cost. By eliminating separate parts and enabling lighter weight designs, AM can lead to overall cost savings in some cases. Additionally, the reduced material waste compared to traditional methods further contributes to potential cost benefits. However, the true value lies in the improved performance-to-cost ratio. The significant weight reduction and potential strength gains of the AM stem can provide a substantial performance advantage over traditional designs, potentially justifying the initial cost investment.
While Design Failure Modes & Effects Analysis (DFMEA) or Quality Functional Deployment (QFD) were not explicitly mentioned in the previous sections, these are valuable tools that could be employed to further refine the design for manufacturability and quality. DFMEA would identify potential failure modes in the design and their impact on functionality, while QFD would translate customer requirements into specific design parameters.
While AM offers a wider range of materials than traditional methods, there are limitations to consider. Depending on the specific AM process chosen, post-processing steps like support removal or surface finishing might be necessary. Additionally, the available AM materials might have some property limitations compared to well-established engineering materials, requiring careful selection for the application.
[bookmark: _Toc172481434]Conclusion
This project explored the potential of Design for Additive Manufacturing (DfAM) principles to redesign a common bicycle component, the handlebar stem. Through a series of iterations, the project demonstrates the effectiveness of DfAM in optimising components for Additive Manufacturing (AM). The redesigned stem leverages DfAM principles to achieve significant improvements over the traditional design. By consolidating parts into a single, integrated component and incorporating an optimised internal lattice structure, the DfAM approach achieves a lighter weight without compromising strength. This not only enhances performance but also potentially increases overall strength.
The broader implications of DfAM for similar applications and future design projects are vast. AM's design freedom allows for intricate internal features that traditional methods cannot achieve. This opens doors for optimising various components across industries, leading to lighter, stronger, and potentially more functional designs. The success of this project highlights the transformative power of DfAM. By embracing DfAM principles and AM technologies, designers can unlock new possibilities for optimising components and revolutionising design across various fields.
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Figure 1: Robot Gripper Assembly Figure 2: Robot Gripper Assembly - Exploded View
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Specification Point Requirements

Environmental

The gripper is designed to operate in a factory environment with a controlled 

temperature 

range of 20°C to 

25°C to minimise thermal stress on sensitive electronic components

Dust and moisture exposure will be minimal, but the gripper should 

be resistant to occasional static discharge.

Cleanroom requirements are not applicable in this case.

Sustainability

The gripper design will incorporate recycled materials 

where feasible to minimise environmental impact. (Planet, 2024)

Low-energy manufacturing processes will be explored to

reduce the overall environmental footprint. 

Ethical, Health & Safety (EHS)

Safety is paramount. The gripper will adhere to safety standards like ISO 13849-1 

to prevent injuries. (ISO, 2023)

Pinch protection mechanisms will be integrated to

 safeguard human workers.

The design will minimise potential hazards like electrical shorts or component 

damage during gripping operations.

Security & Risk

The gripper is not directly connected or programmable,

so cybersecurity risks are minimal.

Operational risks will be mitigated through features like overload protection

and proper component selection to ensure reliable gripping and component 

handling. 

Intellectual Property (IP)

Existing patents in the gripper design space have been reviewed to 

ensure this design avoids infringement.

The potential for patenting novel gripper mechanisms or functionalities

will be further explored. (Gov.uk, 2024)

Codes & Standards

The gripper will adhere to safety standards like ISO 13849-1:2023 (ISO, 2023)

for the prevention of unforeseen machinery startup. 

Additional industry-specific standards for electronics handling, such as 

IPC-SMEMA for electronic assembly equipment, 

might be considered depending on specific integration requirements.

Problem Definition and Constraints
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Functional Requirements

Specification Point

Requirements

Precise Handling of Electronic Components|

The gripper is designed to handle a range of electronic component sizes with various
shapes

(ICs, capacitors, resistors).

The gripping mechanism is tailored to ensure secure hold without

damaging delicate components. (Universal Robots, 2020)

Adjustable Grip Force

The QFD highlighted reliable grip as a top customer need.
An adjustable grip force mechanism allows operators to

tailor the grip strength (target range: 20-50 N) based on the specific component's
fragility,

preventing damage during handling. (O'Reilly, 2015)

High-Precision Movements

Meeting the customer need for high precision, the gripper incorporates
high-accuracy sensors (target accuracy of 0.1 mm)

to achieve precise positioning and gripping of components during assembly.
(Li & Qiao, 2019)

Optimised Speed and Range of Motion

The speed of gripping and releasing objects (target range: 100 mm/s to 200 mm/s)
will be determined by the specific cycle time requirements of the assembly line.
The range of motion will be designed to accommodate the workspace layout and
ensure access to various locations for component pick-and-place operations.
(5.N. Kolpashnikov, 1990)

Adequate Payload Capacity

The gripper will be able to handle the weight of typical electronic components
used in the assembly line (target: 50 grams).
This capacity can be adjusted if heavier components are

identified through further analysis. (Haili Li, 2021)
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Specification Point Requirements

Durable Design for Long-Term Use

The QFD emphasised durability. The gripper's components and materials 

will be chosen to ensure a long lifespan (target: 1,000,000 cycles) 

and reliable operation over extended periods within the assembly line environment. 

(Shintake, 2018)

Durable Design for Long-Term Use

The QFD emphasised durability. The gripper's components and materials will be

chosen to ensure a long lifespan (target: 1,000,000 cycles)

and reliable operation over extended periods within the

assembly line environment. (Shintake, 2018)

High Uptime and Reliability

Targeting a high uptime percentage (e.g., exceeding 95%), 

the design prioritises robust components and minimises

potential failure points to ensure efficient and reliable operation. 

(Gholaminezhad, 2017)

Easy Maintenance and Repair

The modular design will facilitate ease of maintenance 

(target assembly/disassembly time of less than 15 minutes). 

This allows for quick troubleshooting, component replacement, 

and overall improved maintainability. (Boothroyd, 1996)

Cost-Effective Design

Material selection, manufacturing processes, 

and component choices will be optimised to achieve a cost-effective design,

balancing functionality with affordability. 

 This design aims for a target price range of £1,000 - £1,500,

which aligns with competitor research within the electronics assembly market. 

This price range ensures the gripper remains competitive 

while delivering the desired functionalities.

Lightweight Construction

Utilising composite materials with a lower target density,

the gripper will be lightweight (target range: 0.5 kg to 1 kg). 

This facilitates ease of manipulation by workers and potential 

integration with existing robotic arms within the assembly line. 

Modern and User-Friendly Aesthetics

The gripper will incorporate a modern and user-friendly aesthetic,

 featuring smooth lines, high-quality materials, and potentially integrated 

lighting for improved visibility during operation. (Colle, 2020)

Safety Considerations

The QFD highlighted the importance of pinch protection. 

The gripper will incorporate safety mechanisms

like pinch guards or pressure sensors to prevent injuries during operation. 

The design will adhere to the ISO 13849-1 safety standards to 

ensure user safety is a top priority. (ISO, 2023)

Non-Functional Requirements
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Specification Point Requirements

Improved Human-Robot Interaction

Aesthetics can influence how humans perceive and interact with robots.

A well-designed gripper with smooth lines, 

clear visual cues, and non-threatening features can create

a more positive user experience and encourage trust in collaborative workspaces. 

(Colle, 2020)

Enhanced Safety Perception

Grippers often operate in close proximity to humans. 

A visually appealing and user-friendly design can 

subconsciously communicate safety,reducing anxieties and 

promoting a more comfortable work environment for human-robot collaboration.

Brand Identity and Innovation

The visual language of a gripper can contribute to a company's

brand identity and portray an image of innovation. 

A modern and aesthetically pleasing design can showcase the company's

commitment to advanced robotics and user-centered design principles.

Integrated Lighting and Visual Cues

Strategically placed LEDs can illuminate the working area, 

improve visibility during operation, and provide visual feedback on the gripper's 

status.

Clear visual cues like color-coding or light patterns can enhance user understanding 

and overall safety.

Compact and Ergonomic Design

A compact and lightweight design ensures the gripper occupies

minimal workspace and allows for easier integration with cobots. 

Ergonomic considerations are also important, ensuring smooth and safe interaction 

with human operators.

Public Perception and Aesthetics
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Tables for the Lucas DFA Method

Lucas DFA method - Manual Handling Analysis

Lucas DFA method - Manual Fitting Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
One of the following

Very small - requires tools 1.5
Convenient - hands only 1
Large and/or heavy 1.5
requires more than 1 hand

Large and/or heavy 3
requires hoist or 2 people

B. Handling difficulties

All that apply
Delicate 0.4
Flexible 0.6
Sticky 0.5
Tangible 0.8
Severely nest 0.7
Sharp/Abrasive 0.3
Untouchable 0.5
Gripping problem / slippery 0.2

No handling difficulties 0

Fitting Index = A+B+C+D+E+F

A. Part Placing and Fastening

D. Access and/or Vision

C. Orientation of Part

One of the following:
Symmetrical, no orientation req'd 0
End to end, easy to see 0.1
End to end, not visible 0.5

D. Rotational Orientation of Part
One of the following

Rotational Symmetry 0
Rotational Orientation, easy to see 0.2
Rotational Orientation, hard to see 0.4

One of the following One of the following
Self-holding orientation 1.0 | Direct 0
Requires holding 2.0|[Restricted 1.5
Plus 1 of the following
Self-securing (i.e. snaps) 1.3
Screwing 4.0
Riveting 4.0
Bending 4.0

B. Process Direction E. Alignment

One of the following One of the following
Straight line from above 0||Easy to align 0
Straight line not from above 0.1 /| Difficult to align 0.7
Not a straight line 1.6

C. Insertion F. Insertion Force

One of the following One of the following
Single 0|[No resistance to insertion 0
Multiple insertions 0.7 |[Resistance to insertion 0.6

Simultaneous multiple insertions 1.2
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Category Description UeCipey || BB |\ g e Aot | A5 Baseplate| || Basescrews || cndielual " ([SES—_—_G: Wiring
Finger finger screws Sensor units connections
A Size and weight of part 1 1 15 1 15 15 15 1 15 1
B Handling difficulties 0 0 0 02 0 0 0 04 0 06
c Orientation of part 0 0 0 01 0 0 0 01 0 05
D Rotationalorientation of part 0 0 0 0 0 0 0 02 0 02
Total Score 1 1 15 13 15 15 15 17 15 23
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Indivdual

Leftgripperto | Rightgripperto . Base plate to ° Wiring
- " N 5 5 Acuating "~ sensor units to 5

Category Description acutaing acutaing | Gripper screws | Actuating Rods screws actuating Base screws o connections to

mechanism | mechanism mechanism e sensors.

mechanism

A Part placing and fastening 6 6 6 6 6 6 6 6 2
B Process direction 0 0 0 0 0 0 0 0 0.1
C Insertion 0 0 0 0 0 0 0 0 0.7
D Access and/orvision 0 0 0 0 0 0 0 0 15
E Alignment 0 0 0 0 0 0 0 0 0.7
F Insertion force 0 0 0 0 0 0 0 0 0
[Total Score 6 6 6 6 6 6 6 6 5
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Existing Design

Score

Category Description LeftGripper | Rightgripper Indivdual

Finger finger

Acuating
screws

Wiring
connections

Gripper screws| Acuating rods Baseplate | Base screws Sensor screws

Sensor units

Essential

B Non-Essential

Design Efficency Score 50%
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Process considerations Reason

Product Strategic Goals

The redesigned gripper aims to dominate the high-volume electronics assembly market within three years.

The QFD process ensured the gripper design prioritises the needs of electronics assemblers, 

including superior precision and reliability for delicate components.

However, to attract new customers, we need a competitive price point.

Material selection

The gripper design will likely utilise materials that offer a good balance of strength, weight,

and affordability for mass production. It would be looked into to include engineering-grade

plastics for the body and potentially aluminium for specific components requiring higher

rigidity such as the gripper fingers and actuating mechanisms.

Labour

The redesigned gripper will be designed for efficient assembly. 

Features like snap-in clips will minimise labour costs associated with

traditional screw-based assembly.
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Part Process Reason

Integrated Gripper Fingers 

with Actuation Mechanism

Injection Moulding 

As this complex component benefits from the high production rates,

good repeatability,

and potential cost savings offered by injection moulding for high volumes.

Snap-in Actuation Rods Injection Moulding 

As the design is relatively simple and production volumes are high,

injection moulding might be more cost-effective however does machining 

offers

greater flexibility for complex geometries or lower volumes

so it may be considered in the future.

Base Plate with 

Integrated Clips

Injection Moulding 

Similar to the gripper fingers, the base plate and potentially standardised clips

can benefit from the efficiency and cost savings of

injection moulding for high-volume production.

Integrated Sensor Units

with Preassembled Wiring

Injection Moulding/

CNC machining

Likely a combination of processes, 

sensor units might involve pre-purchased components or modules. 

The base or housing for the units could potentially be injection molded

if it's a standardized design. 

However, the wiring and assembly of the sensor units themselves might 

be a separate process involving manual or semi-automated assembly.
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Category  Description 

Integrated 

gripper fingers

Snap in 

actuating rods

Base plate with 

integrated clips

Integrated sensor units 

with preassembled 

wiring

A Size and weight of part 1 1 1.5 1

B Handling difficulties  0 0.2 0 0.4

C Orientation of part 0 0.1 0 0.1

D Rotational orientation of part 0 0 0 0.2 Sum

Total Score 1 1.3 1.5 1.7 5.5



Score

Manual Handling
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Category  Description 

Integrated 

gripper fingers 

to acutating 

mechanism

Snap in 

actuating rods

Base plate with 

integrated clips

Integrated sensor units 

with preassembled 

wiring

A Part placing and fastening 2.3 2.3 2.3 2.3

B Process direction 0 0 0 0

C Insertion  0 0 0 0

D Access and/or vision  0 0 0 0

E Alignment 0 0 0 0

F Insertion force 0 0 0 0 Sum

Total Score 2.3 2.3 2.3 2.3 9.2



Manual fitting analysis

Score
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Integrated 

gripper fingers 

to acutating 

mechanism

Snap in 

actuating rods

Base plate 

with integrated 

clips

Integrated 

sensor units 

with 

preassembled 

wiring

A Essential

B Non-Essential

Category  Description 

Score

Design Efficiency Analysis

Design Efficency Score  75%


image24.emf
FMEA JT.xlsx


image25.emf
Actions Taken

S

e

v

O

c

c

D

e

t

R

P

N

Gripper fingers

Grips and

holds objects

Gripper fingers lose 

gripping force

Object slips from gripper, causing dropped or misplaced item

Reduced grasping efficiency, potentially impacting overall gripper 

performance

8 High

Wear and tear 

on gripping 

surfaces

Material fatigue 

due to repeated 

gripping cycles

7

Wear-resistant 

material 

used for gripper 

fingers

6 336

Implement sensor to monitor 

gripping force and warn of 

potential finger wear

Consider design modifications to 

improve grip force distribution

JT - 

Next redesign

Sensor monitoring 4 6 7 168

Grips and

holds objects

Gripper fingers break 

due to excessive force

Potential damage to object or gripper mechanism 9 High

Sudden impact 

during operation

7

Wear-resistant 

material

7 441

Consider design modifications for 

improved strength

JT - 

Next redesign

Material selection for higher 

strength

7 6 6 252

Snap-in 

Actuating Rods

Transfer force from actuation 

mechanism to gripper fingers

Snap-in mechanism fails 

to secure rod

Gripper fingers lose functionality 9 High

Manufacturing 

defects 

5 Snap-in design  7 315

Implement secondary locking 

mechanism 

JT - 

Next redesign

Secondary locking 

mechanism installed 

6 4 6 144

Transfer force from actuation 

mechanism to gripper fingers

Snap-in mechanism 

wears out over time

Gripper fingers lose functionality, Potential production downtime 9 High

Friction during 

repeated use

7

Snap-in design 

ensures secure fit

7 441

Implement a self-lubricating 

material for snap-in features

JT - 

Next redesign

Improved material selection 

for wear resistance

8 6 6 288

Base Plate with 

Integrated Clips

Provides structural support and 

secures sensor units

Integrated clips fail to 

hold sensor units 

securely

Sensor unit detaches  7 High

Clip material 

fracture 

5 Integrated design  7 245

Visual/audible clip engagement 

indicator 

JT - 

Next redesign

Implemented clip 

engagement indicator

6 7 4 168

Provides structural support and 

secures sensor units

Base plate cracks under 

heavy load

Gripper malfunction & Potential safety hazard  10 High

Exceeding design 

load capacity

8

Integrated design 

promotes 

structural stability

7 560

Implement stress analysis to 

identify critical areas & Review 

material selection for higher load 

capacity

JT - 

Next redesign

Finite element analysis 

performed to identify stress 

points

7 7 7 343

Integrated Sensor 

Units 

with Preassembled 

Wiring

Detect and collect environmental 

data

Sensor malfunction Inaccurate/missing data  7 High

Internal 

component 

failure 

6

Pre-assembled 

wiring

6 252 Implemented sensor redundancy

JT - 

Next redesign

Shielding added to housing 6 5 5 150

Detect and collect environmental 

data

Sensor data becomes 

corrupted due to 

software errors

Inaccurate/missing data  8 High

Software bugs in 

sensor firmware

6

Pre-assembled 

wiring reduces 

handling errors

5 240

Implement rigorous software 

testing procedures

JT - 

Next redesign

Enhanced software testing 

implemented

6 5 5 150
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Feature Traditional Stem Redesigned DfAM Stem

Design

Two-piece (separate 

stem body and 

handlebar clamp)

Single-piece, integrated 

design

Material

Typically 6061 

aluminum alloy

Titanium alloy (Ti-6Al-4V)

Weight Relatively heavy

Significantly lighter due to 

internal lattice structure

Strength Good

Potentially stronger due to 

optimized material and 

design

Assembly

Requires separate 

assembly of stem and 

clamp

Simplified assembly due to 

single-piece design


