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[bookmark: _Toc165322722]Introduction 
In this assignment, we’re tasked with a comprehensive redesign of a robotic gripper solution for mass production, aiming to meet the escalating demand of 1000+ units per week. The project spans several critical phases, starting with a thorough Concept Design Appraisal, where we delve into customer and end-user needs, public perception, and aesthetics. We’ll employ tools like quality Function Deployment to align our design with market demands. 
Next, we’ll propose a Manufacturing Process, meticulously selecting methods that meet business needs and cost drivers while justifying our choices. Then, we’ll dive into Design and Development, applying techniques like Design for Additive Manufacturing (DfAM). Given the trend towards additive manufacturing’s growing adoption, we’ll leverage DfAM principles to redesign a component of our choice. 
Our component selection will be strategic, ensuring it’s complex enough to showcase various DfAM concepts effectively. Throughout the process, we’ll document our design journey, including tools and techniques employed, such as Finite Element Analysis and Generative Design. 
Considering the constraints imposed by additive manufacturing processes, we’ll address factors like topology, shrinkage, and material considerations. Our aim is not only to optimize the component’s performance but also the evaluate the feasibility of manufacturing.  

1. [bookmark: _Toc165322723]Task 1- Robot Gripper Redesign

A robotic tooling manufacturer has commissioned you to undertake a review of one of their robotic gripper solutions. Until recently, the gripper has been produced in small volumes, but the company has tasked you with redesigning the components/assembly for mass production. Initial market research has suggested production volumes of 1000+ units per week will be required to satisfy demand.
“A company’s average monthly sales volume is calculated as the total value of a sales processed in a year divided by 12 months.” (1)  Using this information with a suggested production volume of 1000+ units. 
1000 x 4 = 4000 units a month  this is a  considerable increase, to achieve this reduction of components is required. Reducing the number of fasteners, combining components together to reduce assembly time. 
[image: A group of screws and bolts

Description automatically generated] 
Figure 1- Fasteners required for assembly before redesign. (1)
With 42 fastener per unit and 4000 units a month, that is a total of approximately 168,000 fasteners a month. As commissioned in review the number of fasteners should be halved and ideally be designed to roughly 20 fasteners at most.  


1.1 [bookmark: _Toc165322724]Task 1- Concept Design Appraisal
Expected Customer and End user Needs: 
Understanding the requirements of both customer and end-user is paramount in ensuring the success of the robotic gripper design. Customers expect a product that is efficient, reliable, and cost- effective. End-users, on the other hand, prioritized usability, ergonomics, and performance. By incorporating feedback from both parties, the design can be tailored to meet their specific needs. Features such as intuitive controls, adjustable grip strength, and compatibility with various workpieces will enhance user satisfaction and productivity. 

Public perception:
Public perception plays a crucial role in shaping the market acceptance of a new product. The motorized gripper’s design should project innovation, sustainability, and reliability to gain positive attention from industry stakeholder and consumers alike. Emphasizing the reduction in fasteners and overall weight highlights the commitment to efficiency and resource optimization, reinforcing the perception of a forward- thinking eco-conscious solution. 

Aesthetics:
Aesthetics appeal contributes significantly to the overall user experience and marketability of a product. The design of motorized gripper should strike a balance between functionality and visual appeal, incorporating sleek lines, modern finishes, and attention to detail. A cohesive colour scheme and ergonomic contours not only enhance the device’s attractiveness but also convey a sense of professionalism.

Quality Function Deployment (QFD) :
The quality function deployment matrix serves as a systematic approach to translate customer requirements into specific engineering characteristics. By prioritizing customer needs and aligning them with technical specifications, the QFD ensures that the design effectively addresses key concerns. For the motorized gripper, critical factors such as reliability, precision, and ease of maintenance are translated into tangible design features, guiding the development process towards outcomes. 

Design Specifications:
Based on the appraisal and QFD analysis, the following design specifications are proposed for the motorized gripper:
1.  Reduced Fasteners: Utilize advanced assembly  techniques adhesive bonding to minimize the number of fasteners, reducing the assembly time.
2. Decreased overall weight: incorporate lightweight materials such as aluminium allows or high- strength polymers to achieve weight reduction without durability or load-bearing capacity. 
3. Enhanced control  interface: Ideally implement an intuitive user interface with touchscreen controls and programmable presets for seamless operation and customization according to specific application requirements. 
4. Integrate sensors and fail-safe mechanisms to detect obstructions, prevent collisions, and ensure operator safety during gripping operations. 


1.2 [bookmark: _Toc165322725]Task 1- Design and Development Work Undertaken
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Figure 2- Original back plate linkage.	                                                 Figure 3- Updated back plate linkage.
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Figure 4- Original back plate linkage assembly.          Figure 5- Updated back plate linkage assembly. 


The original back plate linkage had excess material, that provided no structural benefit. Conducting a topology study,  I came to the conclusion that a reduction in thickness and width was required, paying close attention to the locations of the holes. When redesigning the new back plate  part 7  had unnecessary width, and benefits from reduction of material. 
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Figure 6- part 7 provided by Jordan Jenkins
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Figure 7- redesigned part 7
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Figure 7- claw provided by Jordan Jenkins	Figure 7- Redesigned Left arm. 
[image: A blue and black rectangular object
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Figure 8- Redesigned Left arm and claw assembly
Redesigning the claw, I went with the decision of subtracting the fasteners. Switching from fasteners to adhesives in an assembly can be a strategic design driven by several factors. Firstly, adhesives often provide a more streamlined and aesthetically pleasing finish compared to visible fasteners. This can be particularly advantageous in consumer products or industries where visible appeal is a priority. 
Moreover, adhesives can distribute stress more evenly across the bonded surfaces, reducing the likelihood of localized stress concentration that can weaken the assembly over time. This can lead to improved durability and reliability, especially in applications subject to vibration or dynamic loads. 
Additionally, adhesives offer the advantage of sealing against moisture, dust, and other environmental contaminants, which can enhance the longevity and performance of the assembly. This sealing capability can be particularly beneficial in outdoor or harsh operation through reduced labour expenses and increased production efficiency. Finally, adhesive can enable the joining of dissimilar material that may be difficult or impractical to fasten using traditional mechanical methods.  
In  summary, transitioning from fasteners to adhesives offers numerous benefits including improved aesthetics, enhancing durability, simplified assembly process, and expanded design flexibility, making it a compelling choice for many applications. 

2. [bookmark: _Toc165322726]Task 2 – Design for Additive Manufacturing (DfAM)

The trend towards the growing utilisation of Additive Manufacturing (AM) processes has become apparent across a diverse range of industrial domains in recent years. By leveraging additive technologies, intricate design features and complex geometries can be achieved, overcoming the limitations of conventional subtractive and formative manufacturing methods. This increased design freedom has prompted many manufacturers to explore the potential optimisation opportunities facilitated by these technologies. This practice is commonly known as Design for Additive Manufacturing (DfAM).  

I will be using the SLS printer  available at UWTSD IQ. SLS or selective Laser Sintering, is a 3D printing process that works by using a high- powered laser to selectively fuse powdered material together layer by layer. The process begins with a thin layer of powder material spread evenly across a build platform. Then, the laser traces the shape of the object being printed, selectively sintering, or fusing together the particles of the powdered material according to the pattern of the object’s cross-section. Once a layer is completed, the build platform lowers slightly, and a new layer of powder is spread over the top. This process repeats later by layer until the entire object is formed. After printing is complete, any excess power is removed, revealing the 3D printed object. SLS printers are commonly user for producing complex and durable parts with a variety of materials, including plastics, metals, and ceramics.  The SLS printer is paramount for this task, the cleaning process allows me to increase the tolerance and make fine adjustments to the exit hole where the cable will protrude. 

2.2 [bookmark: _Toc165322727]Task 2 – Task Description

UWTSD motorsport have been using the VBOX automotive video and data logger to record their time out on track and use the information to aid their progression. However, the image below has a flaw, it suffers from vibration and causes drag due to its dimensions.  The team requested that we create a new mount that has an aerodynamic nature and reduces vibration.  


[image: VBOX Automotive - VBOX Video & Data Loggers]
Figure 9- VBOX camera 
[image: VBOX0012_0001.mp4]
Figure 10- Race 1 Donnington Park 2023- MCR 
As shown in the video above, we experience extreme rolling shutter and vibrations for the car, which caused problems analysing the footage. 	The  camera is mounted to an angled roll hoop support, which is located approx. 300mm from the engine which produces high rpm during testing, qualifying and the race.  The vibrations meant we could not accurately identify what rpm the car reached at certain points on circuit, surround vehicles and general analysis of placement of the car and identifying problems in the cockpit. 

2.3 [bookmark: _Toc165322728]Task 2 – Techniques 
[image: ]
Figure 11- General sketch of the redesign mount.
The sketch above shows the general layout, design choice and form the mount will have. An essential part to this mount is the foam. We had a selection of foam available, which had to meet certain requirements, withstand high volume of vibration, and maintains this standard for a prolonged period of time while on circuit.  
Considered Foam:
· Closed-Cell Polyethylene Foam: This foam type offers excellent resistance to compression and vibration due to its closed-cell structure, which prevents the absorption of moisture and maintains its integrity under pressure.
· EVA Foam (Ethylene-vinyl acetate): EVA foam is known for its resilience and ability to absorb shock. It's lightweight, durable, and can withstand high levels of compression, making it suitable for applications where vibration damping is crucial, such as in helmets and padding.
· Neoprene Foam: Neoprene foam offers excellent resistance to compression and vibration, as well as resistance to oils, chemicals, and temperature fluctuations. It's commonly used in motorsport for sealing and padding applications.
· Silicone Foam: Silicone foam provides exceptional compression set resistance and vibration dampening properties. It can withstand extreme temperatures and maintain its performance over a wide range of conditions, making it suitable for motorsport applications where heat and vibration are concerns.
The foam that I choice was the Polyurethane Foam. High-density polyurethane foams that can withstand significant compression and vibration while providing good energy absorption and impact resistance. They are commonly used in motorsport applications for seat padding and impact protection. This was foam is still under development and being tested throughout the season. However, at the first race, Silverstone national, it was a success and reduced the vibrations considerable.   
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Figure 12- side profile redesigned mount
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Figure 13- rear ¾ redesigned mount
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Figure 14- front view redesigned mount
[image: ]
Figure 15- SLS printed redesigned mount.
The redesign incorporates build volume optimisation. The redesign needed a small footprint and maintained an aero form structure. Basic aero principles were applied, for instance complex geometry optimization, aerodynamic components, such as spoilers, diffusers, and air ducts, often have complex shapes optimized for airflow. By maximizing the build volume, I could print larger or more intricate aerodynamic components in a single print job. This allows for the creation of components with optimized shapes that minimise drag.  Integrating feature, for example the joining of the camera housing and the pipe clamp. Optimizing the build volume allows for the integration of multiple features into a single component. For example, aerodynamic components can be designed to incorporate mounting points or structural reinforcements. This integration reduces the need for separate parts, minimizing weight and potential points of failure while maximizing aerodynamic efficiency. 
To progress the design further I will take an iterative design process approach, exploring a wide range of design variations and quickly access their aerodynamic performance through computational fluid dynamics (CFD) simulations. The iterative approach accelerates the development of aerodynamic solutions, leading to continuous improvements in the design’s performance and capabilities throughout the season testing foam types and thickness of foam.                            

3. [bookmark: _Toc165322729]Conclusion
As shown in the video clip below, the redesign was successful, as a team will still have many opportunities to on circuit to test and develop the mount throughout the season. Either improving the aerodynamic form of the camera housing or improving the vibration dampening by experimenting with different foam types, of different thicknesses or density. 
[image: Race 1 - Patrick_0001.mp4]
Figure 16 – Race 1- Silverstone 2024(MCR)

[bookmark: _Toc165322730]References 
What is my average monthly sales volume? (2021) Midigator. Available at: https://midigator.com/glossary/average-monthly-sales-volume/#:~:text=A%20merchant’s%20average%20monthly%20sales,asked%20to%20provide%20an%20estimate. (Accessed: 18 April 2024). 
(1) Jordan Jenkins October 3 2023- provided CAD file project X 
(2) Race 1 2024- Silverstone (MCR)
(3) Race 1 2023- Donnington Park (MCR)


1 
 	 
1 
 	 
1 
 	 
image1.jpg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png




image3.png




image4.png




image5.png




image6.png




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png




image14.7VniQYerVQRZlB-tOxfQan_vWvQHfDK4hfs7w57_9nc
010597
TT)
55010991
w1 01:11.13





image15.jpeg




image16.png




image17.png




image18.png




image19.jpeg




image20.FagxnBWe_24gDDL0kl2yXrK7BOAtETi9zEhkcqUHqHY
fi— 014767 =T 04:19.10

MOTORSPORT. 01 st 04:19.10





