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Project Planning and Organisation 
Allocation of Roles and Responsibilities
Catrina Morgan (2405745)
Project Collator 
	Responsible for preparing and organising the final submission documents; report and PowerPoint. 
Materials Engineer (Pages 28 - 42)
	Responsible for evaluating the properties and selection of materials for use in the project, considering product functionality and longevity, based on material performance, raw cost and manufacturability. 
Luke John (2320124)
Procurement Specialist (Pages 43-59)
	Responsible for sourcing product and materials for use in the project, considering cost efficiency and Design.
Julian Edwards (2315607)
Legislation Analyst (60-62)
	Responsible for ensuring the project complies with legal regulations to ensure safe and proper use when producing and using the final product.
Owen Bell (2316885)
CAD Designer (Pages 15 - 27)
	Responsible for creating technical drawings and digital models to support product development with considerations to anthropometrics and ergonomics. 
Joe Shankland (2317772)
Mechanical Design Engineer (Pages 8 - 14)
	Responsible for creating and developing the function design of the product. Also responsible for analysing the efficiency and function of the mechanical system. 


Time Management
Some of the key milestones achieved during this project were the completion of the Analysis section, where a fuller understanding of how the product will function and the requirements in regard to how much power is required. Suitable materials and components that will enable the product to achieve its function and the impact that it could have on the design were also considered. This helped to progress the project in a collaborative manner with each member aware of the requirements that needed to be achieved to make the product functional. This can be seen in Figure 1 which displays the Gantt chart followed during this project. Moreover, the Gantt chart aided the project ensuring that each member was able to track what outstanding actions needed to be completed and the associated deadline to help continue progress. Important dates were also used to arrange group meetings to ensure deadlines were met on time.

Figure 1 - Gantt Chart


Introduction
The product conceptualised in this report is a human-powered machine capable of pressurising and storing air, which can power air tools. The idea behind the product is to provide an alternative to electricity or gas-powered tools in more rural parts of the world where the infrastructure may not be fully developed. Whilst reducing cost and emissions. The chosen machine is a bicycle; whereby pedalling power can be generated to operate the air compressor. To create mechanical power is important, but being able to store it is the next important step in the development of this project. As not only does this mean energy will not be wasted, as it can be stored, but it means energy is always available through stores. 
To ensure the product is not only functional, but viable in real a real-world setting, a number of design considerations must be addressed. The system must consider efficiency, ergonomics, cost, durability and legislation. To ensure efficiency, the drive train that powers the air compressor must be designed to provide sufficient RPM and Torque values, using the mechanical advantage of gears. This is important to ensure that a natural cadence and realistic power output are accounted for. To be able to use the stored energy, the air tank must be configured correctly, taking advantage of pressure valves and gauges to ensure safe and consistent operation. Analysing materials and manufacturing methods ensures that the tank is robust enough to withstand repeated pressure cycles and changing environmental conditions. Cost must also be considered in this however, to ensure the system is accessible and maintainable for the targeted audience, which can be achieved by using commonly available materials and components to keep repair costs to a minimum. Finally, the entire system must consider safety, ensuring that any product promote injury, ensuring moving parts are guarded or moved away from the user, as well as ensuring the whole construction follows relevant legislation and standards. Health and safety are the most important considerations when developing a product so it is important to consider legislation and standards for both the UK and EU for the manufacturing and use of this product due to the intention of being used in more rural areas. It is also important to accurately identify and mitigate any possible risks for the end user and when manufacturing the product, providing any warnings as necessary.
​To achieve this, the product must meet the following specifications: 
​The bike must be designed to accommodate the operator so that the user can comfortably use the product over extended periods. 
The design must consider anthropometric data to ensure the product is suitable for operators of various sizes 
The design must consider anthropometric data  
​The system must incorporate a mechanical gearing system to manipulate RPM and Torque where necessary.
​Efficiently and smoothly convert the users' exerted energy into pressurised air, which can be safely stored.
​Must be compatible with common air tools. 
​Pressure must be maintained and not lost between pressurising the tank and powering air tools.
​The product must be suitable for all environments.
​Must be self-sufficient and not require electricity or gas.
​The overall design should minimise reliance on proprietary parts, favouring components that are readily available globally.
The systems operation must be safe and intuitive, ensuring all legislation and standards are adhered to.
The materials researched will focus on the main elements of the design and will not consider real world effects on materials and their availability or pricing. The general properties of the components chosen will be outlined and used to base further work around. The research will consider which material properties are best suited for the component and data shall be evaluated and summarised for the convenience of the reader. A conclusion on a material recommendation per component will be summarised. 
Reliable suppliers will be used where possible to procure the items needed for this project. Items will be chosen based on factors such as quality, function, and suitability for the project, not only price. A make or buy analysis will be carried out to determine if it would be more cost-effective to produce the fabricated items in-house or to outsource them. Necessary fabricated items will be designed, and from these fabrication drawings, will be produced and used to estimate the price of these items, and send to engineering companies to obtain quotes. The importance of planning and its relation to lead times will be investigated. Along with different opinions to reduce the production cost of the project, these range from recycling items to outsourcing production to lower-cost countries.  



Mechanical Analysis – Joe Shankland​
System Design
After deciding on the method for energy creation and storage, the next step was to design a system that would be able to carry out this process smoothly and efficiently. As shown below in Figure 2, the mechanical system design included:
Pedal Assembly
Chain
Bicycle Cassette/Gearbox
Drive Shaft
Flywheel
Air Compressor
Air Tank (and associated valves)














Figure 2 - Simple Diagram of Mechanical System - Joe Shankland

These components were selected both for their mechanical compatibility and simplicity, but also their availability in the market. The simple design follows the specification, ensuring that the mechanical aspects are compliant. However, after further analysis and 3D design, it was found that the system could become more compact by stacking the air compressor on top of the air tank, which would require a re-configuration of the drive train. This is shown in Figure 3. 

Figure 3 - 3D Design of Final Mechanical System - Luke John
The new drive train consists of:
Pedal Assembly
Drive Chain
Bicycle Cassette
Drive Pulley
Drive Belt
Driven Pulley
Drive Shaft
2 x Pillow Block Bearings
Flywheel
Air Compressor
Each of these changes were important to ensure the system worked efficiently and appropriately. The introduction of a Drive Belt and Pulleys meant that the power could be transferred to a second level, on top of the air tank, where the air compressor would now sit, decreasing the overall footprint of the system. Due to the introduction of a second level, a new drive train was required up to the air compressor, which consists of a driven pulley, drive shaft, a flywheel, and two pillow block bearings. This setup allowed for smooth and stable power transmission, as the flywheel stores rotational kinetic energy, promoting the smooth transition of power through the drive train (Testbook, 2023), and the Pillow Block Bearings provide support to the shaft, and reduces the mechanical wear impacting the air compressor. To adhere to the design specification, an air compressor was chosen with suitable specifications to allow it to be powered by a human, this included a CFM high enough to provide adequate power for tools and to fill the tank in an appropriate time, as well as being low enough to be created by human power. 
Power Considerations
Using sources, that take input from users to calculate cycling efforts, it was decided that to ensure the system would be usable for the majority of the population, the average power data would be used from the bottom 5% of amateur cyclists. According to (Johnstone, 2018), this meant that the average user would be able to output an average 202W over a 20 minute session as seen in Appendix A. Additionally, according to (Team Peloton, 2023)and (Hurley, 2021), beginner cyclist pedal with a cadence of 65-85RPM, whereas more advanced cyclists have a cadence of 75-95RPM. To ensure that both beginner and more advanced cyclists were accounted for, the average cadence was selected at 80RPM. To calculate the RPM which can be provided to the air compressor, the needed torque must first be found. When the air tank is empty, the torque required to spin the compressor is low, meaning, at the same power output, the gear ratio can be changed so that the output speed is increased, and the output torque is low. However, when the air tank fills up, the torque required to spin the compressor increases, to estimate this, we can take the recommended motor size for the compressor, and calculate the recommended torque. This simply assumes that the maximum torque needed when the tank is full, will be contained in the recommended horsepower. 
Therefore, using the specifications of the chosen air compressor, we can use the recommended horsepower to calculate the maximum needed torque.







Equation 1 - Torque Equation

Using this method, it shows that, the torque recommended for this air compressor is 14.8Nm, however, for the user to be able to provide 14.8Nm of torque while still maintaining the average of 202W, the gearing will have to be changed down to accommodate this. Initially however, as previously mentioned, when the tank is empty, the torque required will be low, allowing for the use of the highest gear to run at a high RPM and reduced torque. The calculations below consider the max RPM from the drive train, which can be used when the tank is empty, as well as the RPM needed to provide sufficient torque as the tank fills up.

Input Power


Equation 2 - Torque Input Equation


Drive Train Specifications for Full Tank
To calculate the necessary gearing to ensure full torque when the tank is full, the power must be considered. Using the formula for power generation below, this can be calculated.


Equation 3 - Available RPM Equation
These calculations show that, to ensure adequate torque is provided to the compressor, while considering the user’s output power, the RPM should be set at 130. In the system this can be achieved using the bicycle cassette and changing the gear ratio to roughly 1.6:1. This would mean the chain would run from the first 38 tooth sprocket to a chainring with 24 teeth.
Drive Train Specifications for Empty Tank
Considering the Calculations for when the air tank is empty, it can be assumed that the required torque is minimal, meaning the gears can be utilised to provide the highest RPM possible.





Equation 4 - Highest Gearing Calculations
Assuming that the torque required when the tank is empty is below 6.99Nm, this means the RPM can be increased, with the system allowing for an increase in RPM with the ratio of 3.45:1.
Analysing this data, along with the specifications of the air compressor chosen, the time taken to fill can be estimated. The following calculations simplify the this by assuming that the air compressor needs a torque input which is directly proportionate to the volume of compressed air in the tank. However, this isn’t accurate as this example is closer to a polytropic process where temperature is created in the system. The graphs below display the relationship between the air compressors demand for Torque as the Air Tank is filled and the available RPM based on the average power input of the user as the Air Tank is filled.

Figure 4 - Graph displaying Torque Required as Air Tank is filled - Joe Shankland








Figure 5 - Graph displaying Available System RPM as Air Tank is filled - Joe Shankland
Figure 4 and 5 further demonstrates the inversely proportionate relationship between Torque and RPM. Figure 5 also allows for the estimated fill time to be calculated, by finding the average compressor RPM, which is 203.15. The following logic demonstrates how the fill time is estimated, by calculating the air compressors output at the average RPM.



Equation 5 - Compressor Output Equation
Assuming atmospheric air is at 1bar of pressure, the volume of atmospheric air needed to fill a 100 litre tank to 8 bar can be calculated using Boyle’s Law (Monahan, 2019).




Now using the average output, the estimated fill time can be calculated.

Equation 6 - Fill Time Calculations
Calculations Analysis
Using commonly known formulas for power, pressure, volume, RPM, and torque. The user power input can be used to calculate the performance of the compressor, including estimating fill time of the air tank. However, in using these calculations, a lot of assumptions were made, the biggest of which being the torque required and the relationship between the torque required and the volume of air in the tank. Assuming that the relationship between these two variables is linear is unlikely to be true due to the nature of the process, as well as the introduction of heat generation, which causes waste. To obtain an accurate value for the relationship between these two variables, real-world testing of the equipment would have to be carried out to assess how each component impacts the efficiency. One example of inefficiency could be due to a lack of maintenance of the air compressor, incorrect oil could cause a lack of compression in the cylinder, or a blocked air filter could cause a reduced intake. Another consideration could be of the build quality of the air compressor, as simple design mistakes or tolerance errors could cause energy loss through turbulent flow or air leaks. 
Another assumption that was made, was that the recommended horsepower for the motor, was also the required horsepower for the motor. However, in most cases, manufacturers often recommend using larger motors than required to account for inefficiencies, as previously mentioned. This could mean that, while the motors are capable of producing the calculated torque values, the air compressor may not need torque values that high to work as intended. 
It is also observed that, the gearing system is only able to multiply the inputted RPM by a factor of 3.45, meaning for the air compressor to run at a full 960 RPM, the user would have to be cycling with a cadence of 278 RPM, which is not suited for this application. As observed previously, there is minimal torque required at startup, meaning that, for this instance, it would be beneficial to improve the gearing system to amplify the RPM closer to 960. This could be achievable by changing the ratios between the chainring and cassette sprockets, or by changing the ratio between the pulleys.



Design – Owen Bell
Design Research
When designing the bike for this project, an understanding of what type of bike should be designed, with exercise bikes being available in both upright and recumbent designs as shown in Figures 6 & 7.

Figure 6 - G LE Recumbent Bike - NordicTrack (2025)

Figure 7 - G LE Upright Bike - NordicTrack (2025)
It is often viewed that the recumbent design requires less energy than its upright counterpart, with Puig (2014) stating that “many riders switch to recumbents to alleviate the chronic back from riding upright bicycles. In addition, the fact that recumbent riders are not bent over as are conventional bike riders, makes breathing easier”. This suggests that a recumbent design would be better suited based on the purpose of the product, which is to pressurise a tank capable of supplying pressurised air for tooling, which could become a strenuous and tedious activity when using the bicycle over a prolonged period. However, a study conducted by Telli (2014) investigated the external mechanical work (WEXT), referring to it as “the work due to overcome rolling and air resistance and the metabolic energy spent against these components”, in Tellis (2014) study the following results are displayed as seen in table 1.
Table 1 -  Real pedalling frequency (rpm) and mechanical external power (WEXT) at different target RPM for both bicycles – Telli (2014)

With Telli (2014) further stating, “the same target pedalling frequency (RPM) could be considered constant, maintaining similar values for the two bicycles with a difference always lower than 5% between them”. Proving that the difference in WEXT between the two bicycle designs was negligible. Furthermore, the design requires a pulley mechanism to convert the operators pedalling into pressurised air resulting in the design choice between recumbent and upright being largely determined by the pedal locations, as seen in figures 6 & 7, the recumbent's pedals are located on the front wheel of the bike where the pulley system would be located, alongside posing a risk to the operator's safety with the pulley system being in close proximity to where the operators legs would be. In contrast, the upright bicycle design allows for easier and safer integration with the pulley mechanism without a risk of coming into contact with the operator.
Additionally, both the upright and recumbent bicycles opted for an I-frame structure to provide support for the operator when using the apparatus and enabling it to be self-supported and bump stops at the base to allow for use on most surfaces whilst preventing the bike to slide when in use, which was incorporated into the final design. Moreover, other aspects of the design, such as the front wheel and the size of the pedals used in the design, are taken from those of a typical bike, Hurst et al. (2016) claiming that “the standard mountain bike wheel diameter has long been 26 inch. However, in the past 10 years two more wheel size standards have been introduced, 29 inch and more recently 27.5 inch”. 
However, the remainder of the bicycle's design main features are driven by ergonomics and anthropometric data in mind. Bridger (2008) defined ergonomics as “the study of the interaction between people and machines and the factors that affect the interaction. Its purpose is to improve the performance of systems by improving human–machine interaction”, Bridger (2008) expands on his definition stating that “the way this interface is designed determines how easily and safely we can use the machine” with the main focus and purpose of ergonomics is to “call for a better interface and better interaction between the user and the machine, and better task design”. Additionally, anthropometrics and its application in ergonomics “generally include the design and layout of the spaces in which people live and work, with particular reference to anthropometric considerations, such as reach (e.g. the ability to grasp and operate controls, such as switches, buttons, knobs, etc.)” (Dianat, Molenbroek and Castellucci, 2018). Despite anthropometrics enabling a more user-centred design and product it has its limitations with the collection of data as it relies on the person who has collected the data to do so accurately alongside the data representing a sample size of a population. In addition, designers make two main assumptions according to Vasu and Mital (2000) being “that if an individual's stature is a certain percentile of the population, his/her other body dimensions will also be the same population percentile (the population percentile invariation assumption)” and the other assumption is “to use the normal distribution”. By making these assumptions it can lead to unsuitable designs and potentially cause discomfort as a person’s body will vary in size. This was concurred by Vasu and Mital (2000) who concluded based on their results gathered “that it is inappropriate to make either the population percentile invariability assumption or the normality assumption”. In spite of the results from Vasu and Mital (2000), A book by Stack, Ostrom and Wilhelmsen (2016) refers to three ergonomic principles when applying anthropometric data “design for a range, design for the extreme, and design for the average”. Stack, Ostrom and Wilhelmsen (2016) expand on these principles, stating that design for range is based on “allowing for adjustments in position, size, intensity and duration of the product or system, to accommodate unexpected circumstances and maximise use”. Whereas, design for the extreme focuses on designing for those within the “1st-5th or 95th-100th percentiles of population group” (Stack, Ostrom and Wilhelmsen, 2016) and design for the average focuses on “design for the 50th percentile” also known as the average, when designing the bike, the principle which will be considered is design for average as this will best accommodate the most operators without the inclusion of adjustable components.
Whilst designing the bicycle, reports from Gordon (2006), which provides a variety of anthropometric data for male and female Americans taken initially gathered in 1988, and a report from Mukhtar et al. (2022), who have collected anthropometric data relevant for designing an E-Bike with the results found shown in Figure 8. 

Figure 8 - Average of Body Size Table - (Mukhtar et al., 2022)
Mukhtar et al. (2022) also discuss how this data can be used for several areas, 
“1. The length of the arm used to measure the distance from the saddle to the handlebar.
2. Height of the butt to the floor to measure the distance from the saddle to the floor.
3. Popliteal height is used to measure the distance from the saddle to the footrest.
4. The ankle to the floor is used to measure the height of the footrest
5. Foot width is used to measure the width of the footrest.
6. The width of the palm is used to measure the width of the hand grip on the handlebar.
7. Hip width is used to measure the width of the saddle to be used.
8. Shoulder width is used to measure the width of the handlebar.
9. The length of the hand is used to measure the width of the handlebar grip”.

Designs
By using Mukhtar et al. (2022) guidelines for what dimensions should drive the dimensions of the bike, alongside Mukhtar et al. (2022) and Gordon's (2006) anthropometric data, the model shown in Figure 9 and the accompanying engineering drawings shown in Figures 9 -14 were created.

Figure 9 - Bike Model - Owen Bell

Figure 10 - Bike Assembly Engineering Drawing No.1 - Owen Bell

Figure 11 - Bike Assembly Engineering Drawing No.2 - Owen Bell


Figure 12 - Bike Assembly Engineering Drawing No.3 - Owen Bell

Figure 13 - Bike Assembly Engineering Drawing No.4 - Owen Bell

Figure 14 - Bike Assembly Engineering Drawing No.5 - Owen Bell

Figure 15 - Bike Assembly Engineering Drawing No.6 - Owen Bell
Reviewing the engineering drawings, the application of anthropometric data can be seen with the width of the handlebars shown in Figure 13, with the total width being 450mm, equivalent to the average shoulder width found in Mukhtar et al. (2022) reported once the diameter of 30mm of the handlebar is considered which was determined from Gordon’s (2006) data for wrist-centre of grip length which when halved is roughly 30mm for the 1st percentile to ensure everyone is able to comfortably hold the handlebars. Moreover, this can be seen in Figure 11, with the popliteal height from both Muktar et al. (2022) & Gordon (2006) being roughly that of the difference in height from the seat to the highest point of the pedals, alongside the ankle to floor height from Muktar et al. which relates to the where the foot would rest when the pedal is at its closest point to the ground shown in Figure 13. Additionally, the height of the seat is based on Muktar et al. (2022), Buttocks height to the floor being 814.2mm, which is the ride height of the bike shown in Figure 11.
Whilst there are other components of the bike for which have been determined anthropometric data there are various aspects of the design which have been taken from general bike components. As previously mentioned, Hurst et al. (2016) stated that the bicycle wheels are typically between 26-29 inches in diameter. According to Montague Bikes (2019), “The actual ISO diameter of a traditional 26″ wheel is 559 millimetres” and “both 29″ and 700c wheels is the same at 622mm”, as seen in Figure 15, this is the diameter of the front wheel. Moreover, the pedal dimensions are taken from those of a 9/16” pedal, as seen in Figure 16 below, which are commonly found on most adult bikes.

Figure 16 - 9/16 Bike Pedal, (ROCKBROS, 2025)
As seen in Figure 14, the dimensions of the bikes pedal pulley system can be seen where noted in detail F and H it can be seen the pedals pulley is 90mm in diameter and is connected to a pulley located near the front wheel, which is 300mm in diameter making this pulley system a step up system and having a mechanical advantage of roughly 3:1. Additionally these pulley are designed with guides of an additional 5 and 15mm respectively, this is to minimise the likelihood of the drive system becoming loose from the pulleys with the bike being designed for two kinds of drive systems being chain and belt drive due to the screw on caps shown in Figure 10 in detail A-C. Čepon and Boltežar (2009) state that “belt drives are commonly used to transmit power in many engineering applications, such as automotive engines, industrial machines, etc.” this is reiterated by Chowdhury and Yedavalli (2016) who expand on some the advantages of a belt drive system over a chain system being that the belt drive system is “low cost, light weight, quiet operation, easy maintenance, and flexible locations of the driver and driven shafts”. However, Čepon and Boltežar (2009) contradict this, claiming “belt drives can exhibit complex dynamic behaviours such as transverse vibrations of the belt spans, tension fluctuations, sliding of the belt over the pulley, etc. This can lead to fatigue of the belt, sliding wear and unexpected angular speed loss between the driver and the driven pulleys”. Similarly, a chain drive system according to Rackov et al. (2019) “are used in the transmission of mechanical energy, from driving shaft to the driven, for wider centre distances, for the transmission of higher power and for a constant transmission ratio, at usually lower speeds and for the same direction of rotation” who continue to state that “chain drive systems have high efficiency of transmission, requires no initial tension and can transmit power over distances larger than gear drives”.
Displayed in Figures 14 & 15, both detail H and I are connected on a bar 19mm in diameter through the centre of the front wheel, which enables the rotational force generated from the pedals to be transferred to the pulley mechanism noted H dimensioned at 260mm in diameter, this is to match the pulley provided with the bought in compressor in order to, not create a step change from the produced force.
The bought-in flywheel is connected to the compressor from a shaft as shown in Figure 17 which is supported from a bearing stand shown in Figure 18, designed to ensure that the pulley mechanism does not interfere with the operator when pressurising the tank and ensuring it is at a safe distance when in use.

Figure 17 - Shaft Engineering Drawing - Luke John

Figure 18 - Bearing Stand Engineering Drawing - Luke John
This is further displayed in Figure 19, illustrating a floor plan of where each component of the system will be located, with a gap of around 300mm between the bike frame and the pressurised tank, providing space for the operator to pedal without difficulties, further illustrated in the CAD model shown in Figure 20. 

Figure 19 - Skid Engineering Drawing - Luke John

Figure 20 - Final Assembly Model - Luke John
To ensure each component is properly secured to the skid, fixings are secured through the bottom of the skid using fixings, including the bike assembly with threaded holes in the bump stops in the base of the bike assembly shown in Figure 12.
Analysis
The bike assembly design could be further improved by incorporating adjustable features for the handlebars and the seat height, which could be achieved by designing for range as mentioned by Stack, Ostrom and Wilhelmsen (2016), making the seat height and handlebars adjustable at various percentile intervals based on the anthropometric data gathered by Muktar et al. (2022) & Gordon (2006) where instead of a solid bike frame the frame becomes a housing for a separate seat or handle bar component fitted on a bar with holes at the intervals for a pin to hold the position of these components commonly seen on gym apparatus (Figure 21) which would accommodate a greater number of consumers.

Figure 21 - Adjustable Mechanisms - (Precor Incorporated, 2016)
Additionally, the design has further limitations, being unsuitable for those who are disabled. This could be combated by modifying the pedals or providing an alternative set of pedals which can be interchangeable due to the screw caps like the drive system. The alternative pedals could incorporate a strap-in system where the user's prosthetic is secured to the pedal to reduce difficulty when using the product an example of the alternative pedal can be seen in Figure 22.

Figure 22 - Alternative Pedals - (High on Bikes, 2025)
However, this still only enables those who have prosthetic legs to use the product. To further accommodate those who are disabled, a change to the design would be required where the upright bike design becomes similar to a handcycle used in the Paralympics, where the handlebars will replace the pedals to power the system, as seen in Figure 23.

Figure 23 - Handcycle - (British Cycling, 2025)




Materials Research – Catrina Morgan 
This section focuses on the research into potential materials which could be used to produce the product as previously described. The majority of the components are purchasable parts, and they should not have to be specially made, however, a few of the components have been highlighted and their potential material choices researched in this section, for the event they are fabricated. This research should be used as a guide for the procurement process and will enable the Procurement Specialist to make informed decisions when sourcing and purchasing the required materials for the project. 
The following components are assumed to be purchased parts and detail into their material choice was not taken, the seat, pedals, and gear system. Priority consideration was given to the bicycle frame (including the base and handlebars), flywheel and skid, with some consideration and advice being given for the air tank, compressor pump shaft, and bearing stand. 

General Properties Desired for each Component 
Air Tank 
According to Airpressa (2024) and Anna (2024), the following material properties are vital for safety and functionality, they are: 
Fatigue Resistance
High Strength
Impact Resistance
Corrosion Resistance
Thermal Stability
Weldability 
Air tanks need to cope with multiple internal pressurisations and kept their structural integrity. It must be strong enough to withstand accidental damage and be resistant to corrosion due to environmental factors. Good weldability will enable the tank to be secured effectively at the joins and a thermally stable material will protect the device when being used in multiple environments. 
	For the purposes on this project the air tank would need to be semi portable because it would not need to be wearable, but it would need to be light enough to move with the aid of machinery on a skid. Consequently, lightweight characteristics would be preferable, however due to the varying environments the project is designed to be based in, the durability and functionality would take precedence. 



Bearing Stand 
According to Lee (2025), AST Bearings (2017) and Engineering Area (2012), the most desirable material properties are:
High strength
Impact Resistance
Thermal Stability
Corrosion Resistance
Wear Resistance
Machinability
Good wear resistance and thermal stability would enable the device to function as designed despite constant use, couple this with sufficient corrosion resistance and the sand should have a long lifespan. The device must be string to cope with loading and ideally it would resist deformation due to impact.  

Bicycle (Frame, Base and Handlebars) 
For the purposes of this section, the bicycle frame, base and handlebars are to be made from the same material. The bicycle frame is a large section of this design, in terms of material purchase, so it could potentially be costly. There will be a few options when it comes to material choice but once functionality is served, cost will be a deciding factor. According to Novović (2025), the key properties for a stationary bicycle frame are:
Lightweight
Stiffness
Corrosion Resistance
High Strength
Fatigue Resistance
Impact Resistance
To avoid unnecessary flex and potential loss in energy output, the frame should be sufficiently stiff and resistance to fatigue due to repeated use. It must be strong enough to hold the rider without negatively impacting the functionality and sufficient impact resistance would prolong the products life during transportation. The varying environments and sweat exposure would mean the frame will have to be suitably corrosive resistant, and it would be beneficial for the product to be lightweight, which would support the process of transporting to different work environments. Having said that, too little weight could result in the bicycle becoming unstable during use. 

Compressor Pump Shaft 
	According to Zhang (2025), Thorat (2021) and Engineering Learn (2025), the ideal properties for a compressor pump shaft would be:
Low Notch Sensitivity
Wear Resistance
Heat Treatment Capability
High Strength
Machinability
Corrosion Resistance
A suitable corrosion resistance is vital for use in varying environments, likewise the wear resistance would impact the lifespan of the product. The chosen material must be strong enough to function under the stresses and forces crated during use.

Flywheel 
According to Crescent Foundry (2023) and Engineering Learn (2025), the desired properties for the flywheel of a stationary bicycle are:
High Strength
Corrosion Resistance
High Density
Wear Resistance
Fatigue Resistance
Thermal Stability
The chosen material must be strong enough to withstand forces at speed and dense enough not to wobble when being used which would allow for greater energy efficiency. A stationary bicycle will benefit from a heavier flywheel; however, this is likely to result in the user experiencing greater resistance from standstill, Will (2022). Once the user is moving, a heavier flywheel will result in a smoother experience which will enable them to put more effort and speed into producing energy, Rustically (2025). The device will need to function in multiple environments and thus need to be corrosive resistant with sufficient thermal stability. Fatigue and Wear resistance will allow the device to have an increased lifespan. 

Skid 
According to Reliable Building Materials (2025), metal skids require the following material properties:
Corrosion resistance
High Strength
Machinability 
Wear Resistance
Thermal Stability
Impact Resistance 
The skid will need to endure a variety of environmental factors, have thermal stability and resist corrosion in as many of these environments as possible. It will need to be heavy duty and resist wear in various remote locations and multiple surface types. It will need to be strong enough to resist deforming during impacts when being transported and positioned on location. 


Summary 
The table below is an overview of the general properties desired for each of the components. 
Table 2 – Summary of the general properties desired for each main component.
Material Property	Component
	Air Tank	Bearing Stand 	Bicycle 
(Frame, Base and Handlebars)	Compressor Pump Shaft	Flywheel	Skid
Weight			Moderate		Heavy	
Density					High	
Strength	High	High	High	High	High	High
Fatigue Resistance	High		High		High	
Wear Resistance		High		High	High	High
Corrosion Resistance	High	High	High	High	High	High
Thermal Stability	High	High			High	High
Impact Resistance	High	High	High			High
Weldability	High					
Machinability		High		High		
Stiffness			High			
Heat Treatment Capability				High		
Low Notch Sensitivity				High		
Friction Control						High




Potential Material Choices
Air Tank 
	According to Airpressa (2024) and Anna (2024), common material choices for air tanks include: aluminium, stainless steel, carbon steel and composite materials. Aluminium is ideal for portable applications as it is lightweight and corrosive resistance. Steel is robust and long lasting. Carbon fibre has an extremely good high strength to low weight ratio. Galvanised steel is also a common material choice for industrial applications and ideal for this project due to its strength and corrosion resistance.
Table 3 – Air Tank Potential Materials 
Information summarised from VMT (2024), G&S (2025), and John (2025).
Property	Aluminium	Carbon Steel	Galvanised Steel	Stainless Steel	Composites
Cost	Moderate	Low	Moderate	High	High
Durability	Moderate	High	High	Very High	Moderate
Weight	Light	Heavy	Heavy	Moderate	Very Light
Strength	Moderate	High	High	High	Moderate
Corrosion Resistance	High	Low (unless coated)	High (due to zinc coating)	Very High	Very High
Weldability	Good	Good	Moderate	Moderate	Limited
Thermal Stability	High	High	High	High	Moderate
Fatigue Resistance	Moderate	High	High	High	Moderate


As you can see from the above table, the materials with the most ideal cost are, aluminium, carbon steel, and galvanised steel. The durability of carbon steel and galvanised steel are high, which further narrows the choice. Finally, an important factor in material choice for the air tank would be corrosion resistance, resulting in an ideal choice of galvanised steel. According to Airlink Compressors (2025), The Compressor Warehouse (2025), and Rep Air Services (2025), G90 (ASTM A653) is a “hot-dip galvanised steel with high corrosion resistance”.  

Figure 24 – Galvanic Potential of materials in the Ansys Granta database


Figure 25 – Galvanic potential vs price of materials
The above figure plots the galvanic potential against the price of potential air tank materials in the Ansys Granta database. 



Bearing Stand 
	According to Lee (2025), AST Bearings (2017-2025) and Engineering Area (2012-2025), bearing stands are often made from the following: cast iron, steel alloys and reinforced polymers.
Table 4 – Bearing Stand Potential Materials
Information summarised from ULMA (2023), Blake (2025), and McHone Industries (2020).
Property	Cast Iron	Steel Alloys	Reinforced Polymers
Strength	Moderate	Very High	Moderate
Wear Resistance	High	Very High	Moderate
Impact Resistance	Low	Very High	Moderate
Corrosion Resistance	Moderate	High	Very High
Fatigue Resistance	Low	Very High	Moderate
Machinability	Good	Moderate	Limited
Weight	Heavy	Moderate	Light
Cost	Low	High	Moderate


	According to the above table, Steel alloys have performed the best in each of the highlighted property categories. Even though they cost more on average, it may be worth paying more to use a material which is best suited to the desired application. According to ULMA (2023), Blake (2025), and McHone (2020), AISI 1050 is a medium grade carbon steel which is a suitable choice. 


Bicycle (Frame, Base and Handlebars)
According to Novović (2025), stationary bike frames are commonly made from steel, aluminium and carbon fibre composites. Carbon fibre is light and strong and is generally used for road racing, however the precision required for this application does not warrant the spend on such a material. Steel would offer greater durability and strength but would add unnecessary weight and cost to the product. Aluminium is a lighter choice and is also suitably strong. 
Table 5 - Information Summarised from Paul Cycles (2024) and Minarik (2025).
Property	Aluminium	Stainless Steel	Chromoly Steel	High-Tensile Steel	Carbon Steel	Low Alloy Steel	Magnesium Alloy	Titanium	Carbon Fiber	Composites	Scandium Alloy
Strength	Moderate	High	Very High	High	High	High	Moderate	Very High	High	Moderate	High
Weight	Light	Heavy	Mod	Heavy	Heavy	Moderate	Very Light	Light	Very Light	Light	Light
Corrosion Resistance	High	Very High	Moderate	Low	Low	Moderate	High	Very High	Very High	High	High
Fatigue Resistance	Moderate	High	Very High	Mod	Mod	High	Moderate	Very High	High	Moderate	High
Stiffness	Moderate	High	High	High	High	High	Moderate	High	Very High	Moderate	High
Shock Absorption	Moderate	Low	High	Low	Low	Moderate	High	High	Very High	High	High
Machinability	Excellent	Moderate	Moderate	Mod	Mod	Moderate	Limited	Difficult	Limited	Limited	Moderate
Weldability	Good	Moderate	High	High	High	High	Limited	Difficult	Limited	Limited	High
Thermal Stability	Moderate	High	High	High	High	High	Moderate	Very High	High	Moderate	High
Durability	Moderate	Very High	High	High	High	High	Moderate	Very High	High	Moderate	High
Impact Resistance	Moderate	High	High	High	High	High	Moderate	High	Very High	Moderate	High
Density	Low	High	Moderate	High	High	Moderate	Very Low	Low	Very Low	Low	Low
Cost	Moderate	High	Moderate	Low	Low	Moderate	High	Very High	Very High	High	High


	As shown in the table above, many materials have the potential to be used for the bicycle frame, however, a good candidate would be aluminium. This is due to its lightweight and average price, thermal stability and high corrosion resistance. 
Carbon fibre although with comparably suitable material properties according to Gernitex (2025), does not support such low costs and as such is less appealing. 
Woodcock (2013) and Koch (2021), suggest that the most common grades of aluminium are 6061 and 7005. Due to aluminium 6061 being most widely suited to corrosion resistance, weldability and strength, this is the preferred grade for our bicycle frame. See Appendix C for the datasheet of Aluminium 6061 according to the Ansys Granta software. 
An overview of some potential bicycle frame materials can be found in Appendix D: such as aluminium, carbon steel, alloy steel, stainless steel, and titanium.

Compressor Pump Shaft 
According to Zhang (2025), Thorat (2021) and Engineering Learn (2025), and Engineering Tips (2009), compressor pump shafts are often made from the following: carbon steel, stainless steel and alloy steels.
Table 6 – Compressor Pump Shaft Potential Materials 
Property	Carbon Steel	Stainless Steel	Alloy Steel
Strength	High	Moderate	Very High
Wear Resistance	Moderate	High	Very High
Corrosion Resistance	Low	Very High	High
Fatigue Resistance	High	Moderate	Very High
Machinability	Good	Moderate	Moderate
Thermal Stability	High	High	Very High
Impact Resistance	Moderate	High	Very High
Cost	Low	High	Moderate


	As described in the table above, carbon steel generally has a low cost and high strength combination. This is ideal for the project when trying to save on costings, however, a surface coating will be needed to extend the life of the component when it comes to corrosion resistance. 



Flywheel
	According to Crescent Foundry (2023) and Engineering Learn (2025), bicycle flywheels are commonly made from cast iron, steel, aluminium alloys and carbon fibre composites.   
Table 7 – Flywheel Potential Materials 
Information summarised from Sweileh (2024).  
Property	Cast Iron	Steel	Aluminium Alloys	Carbon Fiber Composite
Density	High	Moderate	Low	Very Low
Strength	High	Very High	Moderate	High
Weight	Heavy	Moderate	Light	Very Light
Wear Resistance	High	High	Moderate	Moderate
Fatigue Resistance	Low	High	Moderate	High
Corrosion Resistance	Moderate	Moderate	High	Very High
Energy Storage Efficiency	High	High	Moderate	Very High
Machinability	Moderate	Good	Excellent	Limited
Cost	Low	Moderate	High	Very High


	Steel has a high strength with moderate cost and corrosion resistance and gives high energy storage efficiency which is what is required for a flywheel. 


Skid
	According to Reliable Building Materials (2025), the following materials are often used to produce metal skids: stainless steel, aluminium, carbon steel, alloy steel and cast iron. 
Table 8 – Skid Potential Materials
Information summarised from Torch Off Road (2024), and Lux Metal (2024).  
Property	Aluminium	Stainless Steel	Carbon Steel	Alloy Steel	Cast Iron
Strength	Moderate	High	High	Ver High	Moderate
Wear Resistance	Moderate	High	High	Very High	Very High
Impact Resistance	Moderate	High	High	Very High	Low
Corrosion Resistance	High	Very High	Low	Moderate	Mod
Fatigue Resistance	Moderate	High	High	Very High	Low
Machinability	Excellent	Moderate	Good	Moderate	Good
Weigt	Light	Mod	Heavy	Moderate	Heavy
Cost	Moderate	High	Low	High	Low


	Carbon steel performs highly in each category for potential skid materials, except cost. However, it may be worth paying for a material which is best suited to the task, especially when the product is to be used in multiple locations and in varying environments.  


Final Recommendations (Summary) 

Figure 26 – The Stages of database limitations for ideal material choice per component, using the Ansys Granta software. 
	Stage 1, composition overview, allowed the material family to be limited to metals. Stage 2, recycling and end of life allowed filtering for recyclability and downcycling. Stage 3, processing properties, allowed a weldability quality of excellent to be selected. Stage 4, durability, allowed limitations to be placed on the following corrosive properties: water (salt/fresh), acids, organic solvents, oxidisation, UV radiation, galling resistance and flammability. 

Figure 27 – CO2 vs Price

Figure 28 – Final material choices vs price

Figure 29 - Final material choices: price vs CO2 footprint

Table 9 – Final material recommendations
	Air Tank	Bearing Stand	Bicycle Frame	Compressor Pump Shaft	Flywheel	Skid
Material Recommended	Galvanised Steel (Carbon steel, AISI 1015)	Carbon Steel (AISI 1050)	Aluminium (6061)	Carbon Steel (AISI 1050)	Stainless Steel (AISI 201N)	Carbon Steel (AISI 1050)


The final materials were chosen decided based on their property compliance with the qualities we perceived to require for the product. Further depth could have been taken into the compositions of each material and their pricing based on the quantity needed. 


Procurement – Luke John
Pressure Tank
Starting with the pressure tank, the mechanical department directed me to look for horizontal tanks with a 100-liter capacity. Materials department gave me a few viable options for tanks. Out of these, carbon steel was by far the cheapest and most readily available in 100 litres, so this was the material that was decided on. Numerous options were available, but it was decided that a large stockist or wholesaler would be the best option if this project expanded to supplying multiple units. Then, there would be less unexpected delays to lead time or a chance of being stuck without a supply. This narrowed down the choice of suppliers. After researching, the final three were Hydraulic Mega Store, Duncan Rodgers Engineering Ltd, and NC Air Stores. 
Duncan Roderger Engineering - £772.53
Hydraulic Mega Store - £680.35
NC Air Store - £389.23
The tank and stockist selected was Duncan Rodgers Engineering, even though it is the most expensive. This is because the tank is painted and hot-dipped galvanized inside and out. This is a massive advantage, as it means in harsh and remote conditions, such as deserts, jungles, or tundras, where this compressor is designed to be used, it will be far more hardwearing and corrosion resistant, giving it a longer life and usefulness. In addition, it has an operational temperature of -10°C to +120 °C. This operational temperature range gives this tank a far greater safety factor in the heat over other tanks.  It also comes with the advantage of a mounting plate already fitted to mount the compressor. Another desirable feature of the Duncan Rodgers Engineering tank that helped its selection is that a fitting kit is supplied with the tank, and if this project were to expand to supplying multiple units, the cost of the tank would be reduced to £713.11. 

Pressure Tank Data Sheets    

Figure 30 Hydraulic Megastore (Hydraulic Megastore, 2021)

Figure31  NC Air Store (Ncairstore.co.uk, 2025) 


Figure 32 Duncan Rodgers Engineering (Duncanrogers.com, 2025)


Compression Pump 
The criteria for the compressor pump were that it had to be two-horsepower and have a CFM (cubic feet per minute) of 5 to 6. The compressor chosen for use was a CNCEST two-horsepower compressor head. This was chosen mainly due to the price, as it was the cheapest at £112.00. The supplier CNCEST is a large Chinese company with international warehouses. They claim delivery within 6 to 7 business days, and the compressor comes with a 12-month warranty (CNCEST, 2025). 
This is a relatively low-quality and inefficient compressor, but that is an advantage in this case, as it keeps the CFM, horsepower, and rpm low. As a result, it is ideal for the compressor as larger, more efficient pumps would be too challenging to make human-powered due to their compression. Consideration was also given to fitting the compressor with sound-reducing valves. These come at a substantial markup, where standard valves for this compressor range from £5 to £10. The sound-reducing valves are in the region of £35 to £80. After discussing this with the legislation department, it was decided that due to the compressor running at full speed, it only produces 79 DB, so this would be lower on the human-powered compressor. Also, hearing protection isn’t required until 85 DB; fitting signs to the machine advising that hearing protection is worn would be sufficient.  In addition to the pump galvanised tube ½” , ½” 90° elbow, and 3/8” to ½” reducer will be required. This would be an addition of £20 for all these components for a one-off build cost, which would reduce if put into production.  

Specifications 

Figure33  Compressor Pump (CNCEST, 2025)

DRIVE COMPONENTS 
11 – 52 CASSETTE 
11 – 52 cassettes are available in a range of prices, ranging from £300 to £32, depending on the supplier and quality. For instance, this is a one-off build; the ZTTO MTB Bike 11 Speed Group set from Ali Express would suffice, as it is a full setup and is low cost at £78.39 and of decent quality. This comes with all the required gears, derailleur, gear change, cable and drive chain. If this product were to go into production of multiple units, then contacting manufacturers would be advantageous to enquire if a large quantity of units were purchased, would the price be lower? If this were the case, it would also reduce the lead time as they could be kept in stock for when needed. Crank sprocket and pedals are also available on the same site for £53.31. This would bring the total cost of the drive system to £53.31 + £78.39 = £131.70. 

Figure 34  - ZTTO MTB Bike 11 Speed Group set (AliExpress, 2019)



PILLOW BLOCK BEARINGS 
There are many suppliers of pillow block bearings in the required size on the market. The cost can vary from £120 to £20. As with most items, a reliable supplier has been used; the ones selected for this project were Bolten Engineering Products, and the pair of bearings cost £41.74. They are middle-of-the-road in quality but will be suited for this project as they won't be under any heavy loads. The cost of these bearings also reduces by up to 10% with bulk orders.

Figure 35  Pillow Block Bearings (Bolton Engineering Products Ltd - Bearing, Power Transmission & Workwear Supplier, 2025)





Designs For Fabrication 
Make or Buy Analysis 

Figure36  Make or Buy Analysis
A make or buy analysis was used to determine whether it would be more cost-effective to produce the custom-fabricated parts in-house or outsource them to an external engineering company. If these items were to be fabricated in-house, a unit to carry out the work would need to be found and rented, which would come with overheads such as utilities and taxes. The necessary machinery would need to be purchased. Staff with the required skills would need appropriate wages and pension contributions. Risk assessments and RAMS must be carried out to comply with health and safety legislation. This would be a massive outlay at the start of the project, probably running into tens of thousands before one unit had been produced or tested. The benefit of making these products in-house is that we would have more control over lead times, and the product quality could be closely checked. 
If the fabrication were to be outsourced to an existing engineering firm, the infrastructure to produce this product is already in place. The overhead costs, materials, and wages for producing the compressor are passed on to the client; it would be a fraction of the price the company is paying overall and work out far cheaper. With outsourcing, you also get a comeback if a component is fabricated incorrectly and not to spec. Most large engineering firms have a Q/C department that checks the components and picks up any mistakes before delivery. For these reasons, it is far more practical to outsource the fabrication side of the project.  The result of the analysis showed that it would be more cost-effective to outsource.    








   

Compressor Pump Shaft 

Figure 37  Compressor shaft ISO

Figure 38  Compressor Pump Shaft Drawing
This shaft was designed with a ¾” (19.05 mm) blind hole in one end to fit onto the existing shaft exiting the compressor pump where the pulley would mount, securing on to the compressor shaft with a 6mm grub screw. On the opposite end, it will be turned down to ¾” (19.05 mm) to utilise the existing pulley from the compressor pump, which fixes to the shaft using an M8 bolt as it would on the compressor. It is designed to be turned out of a 50 mm carbon steel bar as per the instructions from the mechanical department and graphs produced by the materials department. 
The cost to machine the shaft has been priced at £114
50 x 500 carbon steel bar £60
Labour £54









Skid 

Figure39  Skid ISO


Figure40  Skid Drawing
This skid was designed to mount the bike and tank in place so the pulleys between them would stay in line. The frame is made of 100 x 50 PFC with a 6mm plate that is stitch-welded to the top. Keeping the weight down to 183 kg plus 47.5 kg (tank and pump) + 25 kg (bike and pulley system) + 3.15 kg (bearing stand). This equates to a total weight of 259 kg, easily within the range of any forklift.  Using the drawings of the bike produced by the design department and the data sheet of the tank, the holes were marked out in such a way that the belt would run forward and clear of the handlebars. The distance between the tank and the shaft was also deliberately thought out to ensure there is space to get on and comfortably use the bike. 
The estimated price to fabricate the skid is £1483
7.5 metres of 100 x 50 PFC £241
3 meters squared 6mm plate £810
24 hours labour £432 
Bearing Stand 

Figure41  Bearing Stand


Figure42  Bearing Stand Drawing
This stand has been designed to hold the shaft mounted in the pillow bearings in line with the shaft coming out of the pump. To get the correct height, the total height of the tank and the height of the shaft from the bottom of the pump were used. Once this measurement was known, the height of the hole centres of the pillow bearings were removed to give the overall height of the stand. The stand has been deliberately designed to be heavy-duty and able to withstand the force imparted by the bike when working, without moving or flexing, which could cause damage to the pump or shaft. 
The estimated price to fabricate this is £453.42
2.5 metres of 100 x 50 PFC £40.42
1 square meter of 10 mm plate £305
6 hours labour £108 








Bike

Figure43  Drawing of Bike by Owen Bell (Design)
The materials department has decided to use aluminium for the bike's frame and austenitic stainless steel annealed for the flywheel.  The cost to fabricate the bike frame, plus buy in the pulley and saddle, has been worked out to £1327.94   
4.5 meters of 40mm tube £19.00 
2 meters of 30mm tube £15.40
500mm squared 30mm plate £90.54 
700 x 700 x 20 plate stainless steel. £125 
Pulley wheel £60 
Labour £ 1008 
Saddle £10


Full Assembly 

Figure44  Bike Assembly ISO


Figure 45 Bike Assembly with Parts List
All the separate parts to be fabricated were assembled using CAD software to ensure that there were no issues or clashing parts. The parts being bought, such as the pressure tank, pillow block bearings, and compressor pump, were modelled to size using their data sheets and added to the assembly. An assembly drawing with a parts list was then produced to send to engineering companies. It will be used as a general arrangement overview in case any issues are encountered and to seek quotes for the assembly.      
The total cost to produce a one-off human-powered compressor has been calculated to be £4466.33. This was calculated by researching the prices of off-the-shelf components that would best suit the project. To price the fabricated parts, the cost of the different materials was researched and used depending on the quantity required. An average rate for skilled labour of £18 was used, and years of experience in the fabrication industry was used to determine the time required to produce each item. This figure will more likely increase when engineering companies reply with quotes, as overhead charges, haulier costs, and cost of consumables will also be added, and the cost of wages for skilled labour could also differ from the used value see Appendix B.  



Lead Times 
Lead times refer to the time between initiating the project and its completion. For this project to succeed, it is crucial that it is well organised and planned out, and that components arrive on time and are there when needed (Mohammed and Mandal, 2024). Where possible, reliable suppliers have been used to help ensure prompt and trouble-free delivery. The parts that will take the longest are the ones that need fabricating, as, depending on who fabricates them and how busy they are, this could potentially take weeks. These require planning and implementation first. The engineering company should also be asked to give a time scale of how long it will take for the components to be ready. If this is an unacceptable amount of time, it would be advantageous to look at another company. Once the fabricated parts are arranged and the order has been placed, the off-the-shelf parts can be ordered. This way, all the parts should be in place and ready to assemble.

Cost Reduction
The overall cost of producing the human-powered compressor could be reduced if it were to go into large-scale production. The cost of off-the-shelf items such as the air tank, compressor and pillow bearings could be reduced if the suppliers or manufacturers were approached, and volume pricing could be negotiated. This would, in theory, reduce the cost of each item, reducing the overall cost of the entire assembly. Better delivery times could also be negotiated, improving the lead time for each unit (Finio and Downie, 2025). 
To reduce the costs of the fabricated items, if put into large-scale production, it would be worth looking into setting up a fabrication shop with specialised tooling. Specifically designed for this project, this would significantly reduce the production time and save time and money in the long run (Fox Valley Stamping, 2024). Another option would be to outsource the production to India or China, as wages, materials, energy prices and overall production costs are far lower. If this were to be done, likely, the bought-in items could also be produced at a far cheaper price (Chakraborty, Mitra and Sundaram, 2024). The negatives of this are that shipping costs would be much higher, and import duties would have to be paid on each unit. The lead times for receiving the items would also be increased. To save on this, it would be necessary to investigate whether the units could be shipped directly from the country where they are produced to the client. Another downside of this is that the quality of the items and production would also likely suffer; an analysis to see if it is worth the cost savings would have to be carried out beforehand.   
If this project is to stay in small-scale production, the cost of producing it could be reduced by using less exotic materials to make the bike frame and instead using a protective coating to make it resistant. Another option would be to utilise old second-hand bikes, retrofit them to the skid, and coat them in a uniform colour to look uniform and in keeping with the rest of the parts. This method would also save on buying in the drive gear for the bike.             


Legislation – Julian Edwards
A human-powered air compressor can offer many benefits, such as its use in remote and rural regions, especially those with limited or inconsistent power infrastructures. It can also provide a more environmentally friendly alternative to traditional gas or electric-powered compressors typically used in industry. However, several legislative requirements and guidance must be followed when producing or distributing this product. Legislation from the United Kingdom and the European Union must be adhered to ensure this product's safe and legal operation in most areas. It is also important to ensure the consumer's safety when using this product, particularly around exposure to noise that may be produced while in operation.
Health and Safety Legislation
When designing any product, especially machinery, the most important considerations are the health and safety of the consumer and producers. While many of the components will be procured rather than produced and will already adhere to standards, it is still important to assess the health and safety of each component, production of the final product, and operation of the final product to ensure all risks are known and can be made aware to the producers and users of the product.
UK Legislation
One example of UK health and safety legislation is the Health and Safety at Work etc. Act 1974 states, 'It shall be the duty of every employer to ensure, so far as is reasonably practicable, the health, safety and welfare at work of all his employees' (Health and Safety at Work etc. Act 1974). This act forces employers to ensure that the health and safety of employees are heavily considered and methods such as risk assessments are carried out to ensure risks are identified and appropriately reduced where possible. While this does not obligate employers to consider the safety of product users, any measures identified to reduce employee risk could also be applied to the customer.
A second example of UK health and safety legislation is the Supply of Machinery (Safety) Regulations 2008, which forbids a product's placement on the market if it has not been deemed safe (The Supply of Machinery (Safety) Regulations 2008). The regulation details the steps a "responsible person" can take to place the item on the market, such as carrying out conformity assessments, producing instructions for use, and compiling a technical document to make available to the user.
Another example of UK health and safety legislation is the Dangerous Substances and Explosive Atmosphere Regulations, which apply to this product due to using an air compressor and tank to store the pressure. The regulation requires employers to 'control the risks to safety from fire, explosions and substances corrosive to metals' (Health and Safety Executive, 2019). It achieves this by requiring employers to identify dangerous substances, identify risks, introduce new controls for prevention, and prepare plans in case of accidents or emergencies. While this regulation does not enforce the sharing of this information, it can be used to develop instructions and identify the safe limitations of the product for the end user.
EU Legislation
Due to its intended use in more rural areas, EU legislation, such as the General Product Safety Regulation (EU) 2023/988, must also be considered for health and safety. This regulation again forces manufacturers to produce suitable instructions for their products. It includes an additional requirement of being in an easily understood language (European Union, 2023), meaning that a version would have to be available for each targeted area’s preferred languages. This regulation would also suggest that clear diagrams would be a practical option, reducing the need for translation and avoiding all language barriers when communicating safety and how to operate the product.
Another example of EU health and safety legislation is the EU Directive 89/391/EEC - OSH "Framework Directive", similar to the UK's Health and Safety at Work etc. Act 1974 aims to encourage employers to 'encourage improvements in the safety and health of workers at work' (Directive 89/391/EEC - OSH ‘Framework Directive’). It details the responsibilities of both the employer and employee, stating that the employer is responsible for identifying and mitigating risks, and the workers are responsible for correctly using any machinery. It is essential to consider when the final product will be assembled in-house.
Legislation Regarding Noise Exposure and Warnings
A significant concern with this product is the exposure to noise from the compressor near the bike, so it is essential to consider legislation surrounding noise exposure, such as acceptable noise levels. It is also important to consider what warnings are required on the supplied devices to warn the user of possible risks.
UK Legislation
One UK legislation that details acceptable noise exposure levels is the Control of Noise at Work Regulations 2005. It forces employers to accurately measure noise emissions from machinery, such as an air compressor, and assess the need for ear protection (The Control of Noise at Work Regulations 2005). This regulation states that 'lower exposure action values' are 80 decibels daily (The Control of Noise at Work Regulations 2005). (The Control of Noise at Work Regulations 2005). Given the context of the air compressor used in this product, which produces 79 decibels (see procurement) under a full load, it suggests that the compressor is barely within safe levels. However, the noise emissions should be minimised to prevent discomfort, which will require testing to accurately measure the noise emitted when a part of this product is not electrically powered.
Another UK piece of legislation regarding noise emissions is The Noise Emission in the Environment by Equipment for use Outdoors Regulations 2001, which explains the requirements for outdoor equipment, such as compressors, noise emission (The Noise Emission in the Environment by Equipment for use Outdoors Regulations 2001). It requires manufacturers to include a 'CE marking and the indication of the guaranteed sound power level' that is easily legible and in plain view (The Noise Emission in the Environment by Equipment for use Outdoors Regulations 2001). This means noise emissions must be accurately measured to be legally distributed within the UK. Due to the intended use of this product in more rural regions, there will be little noise pollution already existing in the area, which means that this product will have to minimise its noise emission to not negatively impact its environment.
Another UK legislation to consider is the Health and Safety (Safety Signs and Signals) Regulations 1996, which details the employer's duty to identify and reduce all foreseeable risks and appropriate signs or hazard symbols must be in place (The Health and Safety (Safety Signs and Signals) Regulations 1996). The legislation then dictates the types of signs for each risk (The Health and Safety (Safety Signs and Signals) Regulations 1996).  For the compressor in this product, high-pressure, noise hazard, and moving mechanical part warnings will have to be included to ensure safety during the product's manufacturing. It can then be applied to documentation or directly attached to the product for the customer to ensure their safety. The markings must be clearly visible and easily identified as to which part of the product they apply.


EU Legislation
It is essential that EU legislation is also considered for noise exposure and warnings, as many rural areas within Europe are more likely candidates for the deployment of this product.
The EU Machinery Directive 2006/42/EC details the requirements of markings and instructions for the operation of produced machinery (European Union, 2006). The marking requirements stated in the regulation include the business name and address, CE Marking, year of construction, and ‘potentially explosive atmosphere must be marked accordingly’ (European Union, 2006). This statement is important in this context where a compressor and air tank are involved, where possibly high pressure is involved. The directive later states the requirement and need for instructions with the machinery, such as including instructions in the ‘official Community language or languages of the Member State’ (European Union, 2006). The directive also directly states the content requirements in the instructions, such as diagrams and descriptions for using the product, as well as maintenance instructions.
Another EU directive, EU Pressure Equipment Directive 2014, details marking and labelling requirements similar to the EU Machinery Directive 2006/42/EC whilst including more information on safety requirements in the designing and manufacturing process, particularly around pressure equipment (European Union, 2014). This directive details the required marking and labelling of pressure equipment to include the year of manufacture, minimum and maximum allowable limits, the volume of the equipment, intended use, etc. (European Union, 2014). The legislation further elaborates on the requirements of operating instructions for a machine, such as directions of use, maintenance, and necessary safety information. The EU Machinery Directive 2006/42/EC later emphasises the need for conformity assessments and certification, including notifying the relative authorities to verify compliance and ensure the product's safety before it can be operated.

Conclusion / Critical Review of Project 

In conclusion, the design can be further enhanced by providing alternative pedals to accommodate those who may have prosthetics and the inclusion of the adjustable components alongside an overall review of the design with shift in design principle being to design for range rather than average. Moreover, with the design being based on anthropometric data that was initially gathered in the 1980s in America and a more recent sample of data from Indonesia which could result in dimensional inaccuracy and a greater range and variety of anthropometric data should be considered. Additionally, an alternative bike design that resembles a hand cycle would allow those who are unable to use their legs to operate the system increasing the number of potential consumers. 
The calculations conclude that the mechanical system will be able to compress air at a rate of 36L/min, ensuring an efficient filling of the air tank in approximately 22 minutes. The air compressor manufacturer recommends an input of two horsepower, which equates to 14.8Nm of torque at 960RPM, which can be assumed as the maximum torque required. With an input power of 202W, the RPM must be manipulated to 130 to achieve this torque towards the end of the operation. While this RPM is achievable from the current gearing system, the ability to provide a large RPM is not possible. This consideration could lead to future developments in the gearing system, which make the manufacture recommended RPM of 960, a more attainable figure, which could be done by changing the pulley size ratio. Further to these improvements, the calculations were completed with the use of assumptions regarding torque and power. These assumptions simplified the calculations by creating linear relationships between variables. However, in reality these values would be better represented by a polytropic process, with the introduction of heat to the process. The compression ratio, and efficiency of the compressor would also impact these relationships, as well as increasing power losses through the process.
After detailed product selection, supplier consideration and evaluation, research and fabrication pricing, as well as using make or buy analysis to determine which would be the better option, the total cost of a single unit has been estimated to be £4,466.33. To reduce the cost of each unit, it would be a good idea to put the project into large-scale production and utilise volume pricing where possible and specialised tooling. If this can significantly reduce the cost, this would be far more advantageous than outsourcing to a low-cost region, as lead time would be significantly reduced and control over production and quality could be maintained. For this project to be a success, the different avenues of cost reduction need to be explored, as the lower the price for a unit, the greater the chance of succeeding.
The final materials chosen were based on most common materials used for each application balanced against the most sensible choice for each component. These choices did not take into consideration availability, real word pricing such as obtaining quotes from companies or labour hours. For example, according to the Ansys Granta database, Low alloy steel AISI 9310, was the preferred choice for the bicycle frame, see appendix D for the datasheet. This nickel-chromium alloy has a material composition summary of: Fe94-95 / Ni3-3.5 / Cr1-1.4 / Mn0.45-0.65 / Si0.08-0.35 / Mo0.08-0.15 / C0.08-0.13 (impurities: P<0.025, S<0.025). These qualities mean the material has an excellent weldability and metal formability.  It has a decent durability to corrosives, except acids, good sustainability, toughness, and other mechanical properties. According to the Ansys Granta software, carbon steel costs about £0.5-0.7 per kg and the more ideal nickel-chromium alternative would cost approximately £0.9-1.2 per kg. The price difference is not too substantial but, in the end, a cheaper alternative was chosen. Further work could include comparing potential material coatings in detail rather than focussing on pure materials. 
After considering some of the legislative requirements, it is not only important to carefully manage health and safety, but also a legal requirement in both the UK and EU. One of the largest concerns is the exposure to noise over extended periods, which the compressor in this product theoretically produces below the legal limit considerably. Risk assessment is also something to consider when producing the produce, even being a legal standard that is required to allow the product to be placed on the market. The sources in this section are reliable and trustworthy as the are from the relevant government bodies and is important to consult their legislations throughout the entirety of the production and distribution of the product. In the future, it would be beneficial to identify more rural areas and their applicable governments and legislation to identify where this product could be distributed safely and improve the range of areas considered. Another possible improvement would be to develop a set of instructions and maintenance instructions which would include diagrams as part of EU legislation standards and reduce the risk of improper use and reduce the risk of an accident occurring.
Despite these drawbacks and aforementioned improvements, the product can convert the operator's energy into pressurised air efficiently to be stored in a tank without the use of electricity and gas. It also allows the use of air powered tools to become more viable in the more rural parts of the globe and can do so safely deeming the product a success. The analysis of applicable legislations and standards also ensured that the product was safe for use internationally. In addition, the group was able to work to the proposed time plan, with the aid of the Gantt Chart shown in Figure 1. 
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Graph displaying the Torque Required as the Air Tank is Filled 
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Graph displaying the Available System RPM as the Air Tank is Filled
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Ref: Skd, bearing stand, shait & bike
Date: 22 May 2025

Altrad Services
Warrior Way
Waterloo
Pembroke Dock
Pembrokeshire
Sa726U8

Skid, bearing stand, shaft & bike.

The Altrad Services proposal is based on the documentation provided within your emal dated 22° March 2025
and any subsequent darifications.

Scope of Works & Pric

+ Material cost-£713.00
+ Labour cost- £72000

Price: £1,433.00

Bearing stand:.

+ Material cost-£120.00
+ Labour cost- £180.00

Price: £300.00

+ Material cost-£120.00
+ Labour cost- £280.00

Price: £400.00

+ Material cost - £700.00
+ Labour cost - £4000.00
+ Overhead cost- £400.00

Price: £5,100.00
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Aluminum, 6061, T451
Datasheet view: All attributes v |£ Show/Hide o v

W

Metals and alloys > Non-ferrous > B Aluminum > IBWrouqht > B8 6000 series (Mg and Si-alloyed) > 6061 >

General information
Designation ()

Aluminum, 6061, T451, wrought

Condition ® T451 (Solution heat-treated and naturally aged
to a substantially stable condition)

UNS number ® A96061

EN name ® EN AW-6061 (EN AW-Al Mg1SiCu)

EN number ® 3.3211

Tradenames ()

Alcoa; Anticorodal; Duralumin; Kaiser Aluminum
Typical uses @

Trucks, towers, canoes, railroads cars, furniture, pipelines, and other structural applications where strength,
weldability, and corrosion resistance are needed, electric scooters, robotics, mobile/cell phones, smart phones,
laptops, tablets, computers, smart watches, fitness trackers, VR headsets, gaming consoles, electric cars, hybrid
cars

Composition overview
Compositional summary @

Al96-99 / Mg0.8-1.2 / Si0.4-0.8 / Cu0.15-0.4 / Cr0.04-0.35 (impurities: Fe<0.7, Zn<0.25, Mn<0.15, Ti<0.15,
Other<0.15)

Material family ® Metal (non-ferrous)
Base material ® Al (Aluminum)
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Aluminum, 6061, T451

Datasheet view: All attributes v |ﬁ Show/Hide

Composition detail (metals, ceramics and glasses)

Al (aluminum) ® *9538
Cr (chromium) ® 0.04
Cu (copper) ® 0.15
Fe (iron) ® 0

Mg (magnesium) ® 0.8
Mn (manganese) ® 0

Si (silicon) ® 0.4

Ti (titanium) ® 0

Zn (zinc) ® 0
Other ® 0
Price

Price ® *152
Price per unit volume ® *4.11e3
Physical properties

Density ® 2.69e3
Mechanical properties

Young's modulus ® 66.6
Young's modulus with temperature ® 68.4

Parameters: Temperature = 23°C
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Impact & fracture properties
Fracture toughness
Toughness (G)

Thermal properties
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Maximum service temperature
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Thermal conductivity

Specific heat capacity
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Processing properties

Metal casting ® Unsuitable
Metal cold forming ® Excellent
Metal hot forming ® Excellent
Metal press forming ® Acceptable
Metal deep drawing ® Acceptable
Machining speed ® 116 m/min
Weldability ® Good
Notes Preheating is not required, post weld heat treatment is
required
Durability
Water (fresh) ® Excellent
Water (salt) ® Acceptable
Weak acids ® Excellent
Strong acids ® Excellent
Weak alkalis ® Acceptable
Strong alkalis ® Unacceptable
Organic solvents ® Excellent
Oxidation at 500C ® Unacceptable
UV radiation (sunlight) ® Excellent
Galling resistance (adhesive wear) ® Limited use
NOt:ITJminum alloys perform poorly when self-mated but can be processed without galling when mated with steels.
Flammability ® Non-flammable

Corrosion resistance of metals

Stress corrosion cracking ® Not susceptible

Notes Rated in chloride; Other susceptible environments: Halide,
water
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Primary production energy, CO2 and water
Embodied energy, primary production (virgin grade) ® *186 - 205 MJ/kg

Sources
Estimated from sources including Institute for Prospective Technological Studies, 2005; Hekkert, 2000; Norgate, Jahanshahi, Rankin, 2007;
Hammond and Jones, 2008; Ecoinvent v3.7.1; Sullivan and Gaines, 2010; Dhingra, Overly, Davis, 1999; Williams, Ayres, Heller, 2002;
Boustead, 2002

Embodied energy, primary production (typical grade) ® *113 - 133 MJ/kg
CO2 footprint, primary production (virgin grade) ® *132 - 146 kg/kg
Sources

Estimated from sources including Voet, van der and Oers, van, 2003; Hammond and Jones, 2008; Ecoinvent v3.7.1; Norgate, Jahanshahi,
Rankin, 2007; Tharumarajah and Koltun, 2007

CO2 footprint, primary production (typical grade) ® *8.16 - 953 kg/kg
Water usage ® *113e3 - 1.25e3 |I/kg
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Aluminum
Datasheet view: All attributes N =

Metals and alloys > Non-ferrous >

General information
Overview (&

Aluminum alloys are the most important of the light alloys (the others being titanium and magnesium), second
only to steel in the volume of its use. They can be split into cast and wrought alloys; these in turn are split into
different series depending on composition.

Strengths

Versatile - wide range of uses, low density, high strength, good thermal, and electrical conductivity, highly
reflective surface, no brittleness at low temperatures (except pure Al), range of surface treatments available,
and they are easy to weld and cast. Whilst they are fairly low cost, they are still twice as expensive as most
steels. Wrought alloys generally have better ductility and strength than cast alloys.

Limitations (&

Low fatigue endurance relative to their tensile strength. Low elastic modulus (1/3 that of steel), limited high
temperature capability (120-200°C / 250-390 °F), not suitable for use in certain environments (e.g. coal mines,
due to sparking possibility).

Typical uses @

Aerospace, aircraft applications, domestic electrical appliances, weapons industry, transport applications,
forged missile and aircraft fittings, machinery, engine blocks, gas meters, gear blocks, gear cases, fuel pumps,
instrument cases, intake manifolds, clutch housings, oil pans, outboard motor propellers, pistons, cylinder
liners.
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Carbon steels
Datasheet view: All attributes N =

Metals and alloys > Ferrous >

General information
Overview (&

The most widely used steels in industry, plain carbon steel or wrought steel, can be broken down into low
(<0.3% C), medium (0.3-0.6% C) and high (0.6-1.0 % C) carbon steels.

Strengths

Wide availability of forms. Very low cost. Strength can be improved by cold finishing. Magnetic so easily
separated from other materials and recycled.

Limitations (&

Modest strength and toughness compared to other steels. Poor hardenability. Directionality of properties
(cold-finished). Poor corrosion resistance at high temperatures. Generally require some form of surface
protection. Poor impact resistance at low temperatures. In general cost increases with C content.

Designation ()

The two standard designation systems for steels, the AISI and the SAE standards, have now been merged.
Each steel has a four-digit code. The first two digits give the major alloying elements and the second two give
the amount of carbon, in hundredths of a percent. Plain carbon steels have designations of 10xx, 11xx, 12xx or
15xxx depending on their exact composition.

In the European (EN) standard system, each steel is given a number of the form x.yyzz: where x signifies
material type, yy the steel class, and zz is assigned by the certifying body. Carbon steels are given the
designation 1.0yzz.

Typical uses @

Large number of uses: general construction, automotive, tools, gears, cans, reinforcement of concrete, sheet
for roofing, springs.
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Metals and alloys > Ferrous >
General information

Overview (&
Steels containing more than 1.65% Mn, 0.60% Si, 0.60% Cu, or a definite amount of other alloying additions
may be classified as alloy steels. They can be divided into high-alloy steels, containing more than 8% alloying
additions; or low-alloy steels, which contain less than 8% alloying additions.
Strengths
Additions can be chosen to improve desired properties. Compared to plain carbon steels, they have greater
abrasion and wear resistance, higher toughness and hardenability, and better strength at high temperatures.
Limitations (&
Higher cost than plain carbon steels. May suffer from temper embrittiement.
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General information
Overview (&

A steel is considered stainless if it contains at least 10.5% chromium. They exhibit good resistance to
corrosion due to the formation of a protective iron chromium oxide. Stainless steels can be divided into five
categories: austenitic, duplex, ferritic, martensitic, and precipitation hardened.

The first four categories are divided according to their microstructures; however precipitation hardened steels
are any that can be strengthened through heat treatment.

Precipitation hardened steels have the highest strength of the stainless steels and superior or equal corrosion
resistance to martensitics.

Duplex steels can be cold-worked to achieve strengths unobtainable for austenitics and ferritics, but they have
lower elongation.

In general, austenitics have the highest cost whilst ferritics have the lowest, and martensitics are moderate.
Strengths

Excellent corrosion and oxidation resistance. Wide choice of mechanical properties. High creep and rupture
strengths. Attractive appearance which requires little effort to maintain. They do not become brittle at low
temperatures.

Limitations (&

High cost. Low thermal conductivity increases problems of distortion residual stress from thermal treatments.
Many grades are susceptible to local corrosion and brittleness under certain conditions.

Designation ()

The 200 and 300 series are austenitic alloys; 200 containing Cr, Ni Mn, and N, and the 300 Cr, Mn, and Ni.
The 400 series includes ferritic and martensitic steels, containing Cr and possibly C.
The 500 series is martensitic and contains low levels of Cr (<12%) and possibly some C.

Typical uses @

Railway cars, trucks, trailers, food-processing equipment, sinks, stoves, cooking utensils, cutlery, flatware,
scissors, architectural metalwork, jet-engine parts, chemical-processing equipment, surgical tools, furnace and
boiler components, seawater applications, high temperature applications, processing of potentially corrosive
liquids, structural uses in corrosive environments, pulp and paper manufacture.
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Titanium
Datasheet view: All attributes N =

Metals and alloys > Non-ferrous >

General information
Overview (&

Titanium is the seventh most abundant metal in the Earth's crust, yet it is unusually difficult to extract, raising
its cost. Despite being expensive, its remarkable properties have resulted in a growth in demand. Alloys are
generally separated according to microstructure (alpha and beta phase content).

Unalloyed Ti has the best corrosion resistance and is the lowest in cost but is also low strength compared to
other alloys. Alpha alloy is the lowest in strength and is often not cost effective compared to other Ti alloys.
The beta phase increases formability, forgeability, and strength, but excess beta phase restricts weldability.
Fully stable beta alloys have high density, and in general are the most difficult to machine.

Strengths

High strength to weight ratio, low density, exceptional corrosion resistance, good creep resistance up to
550-600°C (1020-1110 °F), high melting point.

Limitations (&

High cost raw and semi-finished products. Energy required for extraction of titanium is 1.7 times that of
aluminum and 16 times that of steel. Low elastic modulus, low thermal and electrical conductivity, a strong
affinity for hydrogen which causes embrittlement. Poor machinability compared to austenitic stainless steels
and susceptible to fretting which can reduce fatigue strength.

Typical uses @

Aerospace, gas turbines engines, oil refining, surgical implants, chemical processing, metal finishing,
crankshafts, torsion bars, machine tools, food processing, heat exchangers, aircraft applications, chemical
engineering.
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Alloy steels

Datasheet view: All attributes N =

abrasion and wear resistance,'higher toughn'ess' and hardenébility, and better strength at higﬁ tempe?atures_
Limitations (&

Higher cost than plain carbon steels. May suffer from temper embrittiement.
Designation ()

The SAE-AISI system for alloy steels is similar to plain carbon steels: each alloy has a four-digit number. The
first two digits indicate the major alloying elements and the second two indicate the amount of carbon in
hundredths of a percent.

1xxx- C

2xxx- Ni

3xxx- Ni-Cr
4xxx- Mo

5xxx- Cr

6xxx- Cr-V
Txxx- W

8xxx- Ni-Cr-Mo

For instance, AISI 3140 steel is Ni-Cr alloyed and has a carbon content of 0.40%.

A letter may also be placed between the second and third digits: an L indicating a lead addition for increased
machinability, and a B indicating the base metal has been supplemented by the addition of boron. The process
used to produce the steel may be indicated by a letter prefix. An H suffix may be present, indicating a high
hardenability (ability to transform to martensite).

In the European (EN) standard system, two designation systems are in place: a name which is based on the
use and mechanical properties, and a number based on the composition. The number takes the form x.yyzz:
where x signifies material type, yy the steel class, and zz is assigned by the certifying body. Alloy steels take
the numbers 1.0yzz, 1.2yzz, 1.3yzz.

Typical uses @

Axles, shafts, gears, farm implements, ball and roller bearings, springs, tools, connecting rods, knives,
scissors, pressure vessels, bike frames, automobile engine and transmission components, aircraft structural
parts.
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3.4 Mechanical work

As assumed Wi measured by the SRM for the same target pedalling frequency (RPM)
could be considered constant, maintaining similar values for the two bicycles with a
difference always lower than 5% between them (table 8). We have also reported the real

pedalling frequency (rpm) measured by the instrument.

Wewr

SD SD
NB 50 50 1.1 37 1.7
NB 70 70 0.8 60 2.1
NB 90 90 0.3 81 4.2
NB 1.4 8.4
RB 50 50 0.2 39 1.5
RB 70 69 1.2 57 2.5
RB 90 89 13 79 5.6
RB 110 109 3.1 104 7.2

BICYCLE

Table 8. Real pedalling frequency (rpm) and mechanical external power (WFJ‘T) at different target

RPM for both bicycles.

The mechanical internal work rate has been modeled for bipeds by Minetti and
Saibene (1992), and then extended to quadrupeds (Minetti, 1998) and, more recently, for
bicycling (Minetti et al., 2001). In our study the mechanical internal work rate, or internal
power, ranged from 7.90 W to 65.15 W in NB and from 7.25 W to 62.16 W in RB, increasing

as function of the rpm, with the following regression equation:
Wy =k*m* fi?

where k had a value of 0.176 and 0.161 respectively for RB and NB, m was the mass of a

subject in kg and fr was the pedalling frequency in Hz. No significant difference was found
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Table 2. Results of the Data Sufficiency Test a
No. Body Size Test for dg\tﬁ)adequacy N<N
1 Hip Width 391 Enough
Buttocks Height to the
2 Floor 1,62 Enough
3 Hand Width 122 Enough
4 Hand Length 2,01 Enough
5 Ankle to the Floor 9,25 Enough
6  Feet Width 4,60 Enough
7 Shoulder Width 3,12 Enough
8  Popliteal Height 12,94 Enough
9  Arm Length 1,66 Enough
The results are acquired from the average data above and looking for the average in each
in table 3 after acquiring the anthropometric body size:
Table 3. Average of Body Size
. Average
No. Body Size

Y (mm)

1 Hip Width 371,3

2 Buttocks Height to the 8142

Floor

3 Hand Width 100,0

4  Hand Length 176,1

5  Ankle to the floor 81,5

6  Feet Width 100,5

7 Shoulder Width 421,6

8  Popliteal Height 4322

9  Arm Length 720,8
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Specifications

* Model: 2055-170L
« Material: Aluminum, Iron

« Surface Treatment: Paint Spraying
« Assembly Required: Yes

« Style: Modern

« Color: Silver, Black

« Compression Medium: Air
« Thread: NPT 1/2

« Number of Cylinders: 2

« Applicable Engine Power: 2HP

+ Speed: 960RPM

* Noise: 79dB(A)

« Cylinder Diameter: 55mm/2.17in

« Theoretical Air Intake: 170L/37.39GalMin
« Effective Discharge Volume: 170L/37.39GalMin
« Working Pressure: 8Bar

« Maximum Pressure: 10Bar

« Flywheel Diameter: 26cm/10.2in

« Mounting Hole Size: 13.2%16.1cm/5.2+6.34in

L Product  28+26.5+31cm/11.02+10.43+12.
Size: n

« Packing Size: 30%27+32cm/11.81*10.63%12.6in
« Gross Weight: 10.5kg/23.15lbs
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Product sellpoints.

« Material: Alloy Crafted from robust alloy, this 1x11 speed derailleur set ensures durability and
longevity.

« Total Capacity: max-52t Max-52t total capacity accommodates a wide range of gears, enhancing
versatility.

- Compatibility: Shimano/Sram,Seamlessly integrates with Shimano XT/SLX and Sram
XX1/X01/XXO/NX/GX systems.

= Precision Shifting: 1:1 Cable Pull RatioThe 1:1 cable pull ratio technology provides precise and
‘quick shifting performance.

= Chain Compatibility: 11 Speed HG,Designed for 11 speed HG hub bodies, ensuring smooth and
reliable operation.
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In-House Fabrication

Outsourced Fabrication

Initial Investment

Overhead Costs

Labor

Health & safety Compliance

Lead Time Control

Quality Control

Risk of Errors

Cost Per Unit

Flexibility

Practicality for Project

High - workspace rental, machinery purchase, tools, consumables
High - Utilities, insurance, taxes, maintenance

Hiring skilled staff with wages, pensions, and training costs.
Requires risk assessments, RAMS, and ongoing safety management
High — direct control over scheduling and production

High — direct supervision and inspection possible

Lower —immediate correction possible

High initially due to overhead and setup costs

High — easier to implement design changes or urgent adjustments
Low — large upfront costs and resource requirements.

Low—no infrastructure costs; existing facilities used
Included in supplier’s pricing

Included in supplier’s pricing

The supplier is responsible for compliance and overseeing legislation
Moderate — dependent on supplier’s workload and scheduling

High —supplier's quality control department inspects the component
Moderate —supplier is responsible for rework if not to spec
Generally lower due to economies of scale

Lower — changes require coordinating with the supplier

High — cost-effective and less resource-intensive
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