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​1.​ ​Introduction​

​In this design report, we present a recommended design to solve an identified splartz: something​
​that does not greatly impact day-to-day life but can be improved. The splartz we chose concerns back pain​
​caused by biking while wearing a backpack, specifically with the Toronto Bike Share​​(TBS)​​bikes. The​
​back pain is not caused by the TBS bikes themselves, but rather due to the user having to wear their​
​backpack while riding, since there is nowhere to attach the bag. Additionally, research shows that when​
​the spine is flexed forward in a cycling posture, the spine experiences substantially greater backpack​
​related loads than during upright walking, further exposing the user to back pain​​[1]​​.​

​While TBS bikes already have a front basket, it is not large enough to fit large backpacks as seen​
​in Figure 1. In addition, although bike rack attachments currently exist, they are either designed as​
​permanent attachments or are not easily portable, as seen in Figure 2.​

​Thus, this document recommends a frontal bike attachment to the bike’s basket on which a​
​backpack can be secured. The report will describe the opportunity, the objectives and requirements​
​framework, the recommended design, other candidate designs, and testing and comparison procedures​
​that led to the recommendation.​
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​2.​ ​The Toronto Bike Share System and Biking with Backpacks​

​Since 2011, the TBS program has been in effect, allowing people to rent bikes for short periods of​
​time as a means of transportation throughout the city​​[2]​​. In order to participate in the program, one must​
​purchase a pass on the app with their phone, scan the QR code on a bike at a station, ride to their​
​destination, and then simply push the bike into the destination dock (refer to Figure 3). Although this​
​system has proved to be convenient and useful, it is challenging to bike around with one’s belongings​
​without wearing a backpack.​

​After interviewing several Engineering Science students, many claim they ride to school using​
​TBS bikes​​[3]​​. In order to bring their textbooks and devices​​with them, several choose to wear backpacks​
​to store their belongings as they operate the bicycle. Although this frees up their hands, studies show that​
​backpack usage produces stress on the lower back, causing back pain proportional to the backpack’s​
​weight​​[4]​​. Here, the team saw an opportunity for a design that​​would solve this need. A successful design​
​would allow Engineering Science students to commute using TBS bikes while wearing a backpack​
​without experiencing loads to their lower back.​
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​3.​ ​Stakeholders​

​In order to effectively create a design, one must first consider the stakeholders who will be​
​affected by it. In our case, the stakeholders could be broken down into three categories: Primary,​
​Secondary, and Tertiary. The identified stakeholders and their interests are described in the table below.​

​Type​ ​Stakeholder​ ​Interests​

​Primary​ ​Praxis I and Engineering​
​Science Students​

​Want their bags to be transported​
​with them without back pain and​
​with no impact to their biking​
​experience.​

​Secondary​ ​Toronto Drivers​ ​Do not want to be disturbed by​
​users of the design.​

​Secondary​ ​Other TBS users​ ​Do not want to be disturbed by​
​users of the design.​

​Tertiary​ ​Government of Ontario​ ​Wants to ensure that any​
​attachment to a mode of​
​transportation respects the safety​
​and road laws currently in place​
​[5]​​.​

​Tertiary​ ​TBS​ ​Wants to prevent permanent​
​alterations to the usability of​
​their bikes​​[6]​​.​
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​4.​ ​Requirements and Evaluation Criteria​

​Considering the back pain caused by backpacks, as well as the hop-on, hop-off nature of the TBS​
​Bikes, the need for our opportunity was determined to be a portable system that allows the user to ride a​
​bicycle with a backpack without taking load to their back. This led the team to develop a set of​
​requirements and evaluation criteria listed below to determine which designs outperformed others.​
​Evaluation criteria that are​​underlined​​are given more​​weight in the convergence process.​

​Requirement​ ​Metric​ ​Evaluation criteria​

​4.1​
​Must fit in a standard backpack​

​Dimensions (cm)​

​Mass (kg)​

​The closer it is to​
​laptop dimensions and​
​mass, the better.​

​MacBook size:​
​(width x height x​
​length)​
​(36cm x 25cm x 2cm)​
​MacBBook weight:​
​2.15 kg​​[7]​

​Justification: The device must be portable to meet the stakeholders’ needs. To achieve this, the​
​device must fit in a standard backpack. We chose the best shape to be that of a laptop, because​
​most backpacks already provide a space for storing laptops, thus we ensure the device would be​
​efficiently stored in most backpacks.​

​4.2​
​Cannot cause permanent​
​deformations to objects inside the​
​backpack or to the backpack itself​

​Force (N)​ ​The less force​
​required to secure the​
​backpack to the​
​device, the better.​

​Justification: The device shall not apply too much force so as to ensure objects inside the​
​backpack are not deformed. It is also necessary that the backpack is not permanently damaged​
​after using the device.​

​4.3​
​Must hold bag securely​

​Acceleration (m/s​​2​​)​

​Angular speed (rad/s)​

​The less translational​
​and rotational​
​vibration during use,​
​the better.​

​Justification: If the vibrations of the device are minimized, objects inside the bike will be less​
​likely to break or deform. This evaluation criterion will measure how well the connection​
​between the bike and the device is achieved through both attachment and with extra forces​
​applied​​[8]​​.​
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​4.4​
​Must require fewer than 20 steps to​
​use​

​N. of steps​ ​The fewer steps, the​
​better​

​Justification: To meet the goal of rapid attachment, the number of steps cannot exceed 20, as​
​decided by the stakeholders, and the fewer the steps needed, the better​​[9]​​.​

​4.5​
​Must have fewer than 30 different​
​parts​

​N. of parts​ ​The fewer parts, the​
​better​

​Justification: A complicated design would mean that more parts can fail, making it more​
​complicated to repair and maintain​​[10]​​.​

​4.6​
​Follows all relevant road and safety​
​regulations​

​N/A​ ​The design must​
​follow the law​

​Justification: According to the​​Ontario Highway​​Safety Act​​, a bicycle is considered a vehicle​​with​
​all the same responsibilities and requirements as a motorized vehicle. Therefore, any design​
​cannot impede the rider's ability to fulfill all provincial safety laws​​[5]​​.​

​4.7​
​Does not cause visible damage to​
​the TBS bikes​

​Number of scratches​
​and dents​

​There cannot be any​
​visible damage on the​
​bike, for example,​
​scratches or dents.​

​Justification: The design cannot cause any visible damage to the TBS bikes in accordance with​
​the user agreement, as the user is liable for all damage caused to the bike during their period of​
​use​​[6]​​.​

​4.8​
​Does not significantly raise the​
​center of mass of the bike​

​Distance (cm)​ ​The lower the center​
​of mass of the device,​
​the better.​

​Justification:  The moment of inertia is calculated using the center of mass of the overall system.​
​By reducing the height of the center of mass, the stability of the bike is greatly improved, as seen​
​in Appendix C​​[11]​​.​

​7​

https://www.zotero.org/google-docs/?bM04pB
https://www.zotero.org/google-docs/?ZNIRvz
https://www.zotero.org/google-docs/?aZVxE7
https://www.zotero.org/google-docs/?cT5BF4
https://www.zotero.org/google-docs/?bbkEFu


​5.​ ​Recommended Design - Front Basket Extension​

​The chosen design consists of a front basket extension that would be mounted on the basket at the​
​front of the bike, as shown in Figure 4. When transported, the device would fold into itself to dimensions​
​similar to those of a laptop. The design’s shape is shown in Figure 5. A demonstration can be seen in this​
​video​​.​

​While other designs do provide valuable advantages, such as improving weight distribution along​
​the length of the bike for better braking, the recommended design provides a balance of weight, stability,​
​and compactness that provides the most utility to Praxis students trying to commute by bike.​

​However, we qualify that this recommendation is limited by your lack of experience to judge the​
​accuracy of how we predict a design may operate. While we created prototypes, researched reference​
​designs, and ran proxy tests for parts of the design we were unclear about, we made implicit assumptions​
​throughout the design process. Even within our evaluation criteria, there were aspects we could not fully​
​account for, such as the specifics of bag deformation due to the different degrees of freedom the objects in​
​the bag may have.​
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​6.​ ​Divergence​

​In the early ideation stage of our design, we made use of multiple diverging techniques. As seen​
​in Figure 6, we used a morph chart to  find all the possible permutations between the various solutions for​
​each component. This helped us better visualize distinct solutions we thought best fit our evaluation​
​criteria.​

​Alongside the morph chart, we used brainwriting to silently write different ideas individually in​
​order to build upon initial ideas and prevent groupthink. Simultaneously, some of our designs used the​
​technique of biomimicry. In our case, we used suction cups, like those of octopi, to strengthen the​
​connection between the design and the bike. Finally, we applied the SCAMPER process to further iterate​
​and combine our designs (Appendix F). After a convergence process based on our set requirements and​
​criteria, we were left with five candidate designs suitable for further consideration.​

​7. Candidate Designs​

​In this section we will present 5 candidate designs that stood out in the convergence process.​
​CAD models for 4 of them are shown in Appendix B.​
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​7.1 Candidate Design 1: Front Basket​

​As seen in Figure 7, we created a design​
​which would attach to the existing front basket of​
​the bike. One would attach the backpack to the​
​design with buckle straps and the elastic band that​
​currently exists on the bike.​

​7.2 Candidate Design 2: Electromagnetic​
​Suspension​

​As seen in Figure 8, we created a design which​
​would support the backpack through​
​electromagnetic induced repulsion. One would​
​wrap elastics around the handlebars and the seat​
​post to ensure alignment of the device with the​
​bike and attach the backpack to the device with a​
​strap.​
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​7.3 Candidate Design 3: Back Axle​
​Trailer​

​As seen in Figure 9, we created a​
​design which would transport the backpack​
​separately from the bike. One would attach the​
​device to the bike with two clamps on the back​
​axle, and the bike would pull the device as the​
​user rides.​

​7.4 Candidate Design 4: Seat Clamp​
​Cantilever​

​As seen in Figure 10, this design consists of an​
​attachment to the seat post, which would extend​
​behind the user as they ride, where the backpack​
​would be secured. This allows for quick​
​attachment to only one point with increased​
​portability, with a tradeoff for poor stability (see​
​section 9).​
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​7.5 Candidate Design 5: Truss​

​As seen in Figure 11, this design consists​
​of an attachment to the seat post, similar to​
​Candidate Design 4, but also to the bottom frame​
​of the bike. The differentiating factor from​
​Candidate Design 4 would be the extra attachment​
​point, which provides greater stability but​
​worsens ease of attachment.​

​8. Calculations​
​While our mechanical design for Candidate​
​Design 2 was correct, we had not fully​
​accounted for the magnetic field strength​
​given by the magnets with a set energy​
​output. Thus, we used simplified versions of​
​Maxwell’s equations to calculate the energy​
​needed to power the magnets such that they​
​can levitate the design above the bike, as seen​
​in Figure 12​ ​[12]​​.​

​We found that this candidate design is not​
​feasible, as it requires too much energy to be​
​stored in a reasonably-sized battery. Our​
​calculations found that the energy needed to​
​power the electromagnet for 10 minutes was​
​about 1.6 kWh. Given that this is equivalent​
​to the average daily electricity usage of a​
​household refrigerator, this design would​
​require a battery heavier than any other​
​candidate design’s self-weight​​[13]​​.​
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​Additionally, we calculated mass and dimensions using detailed CAD models for each candidate​
​design; the results can be seen in the measurement matrix (Figure 15, Section 10). Views of the various​
​CAD models can be seen in Appendix B.​

​9. Testing Acceleration and Angular Velocity​

​In order to better differentiate between our candidate designs, we collected data on key​
​characteristics of each of them with the use of a gyroscope and an accelerometer. The measurement of​
​stability and deformability was modelled by two tests: the former modelled by rotational speed as a​
​function of time, and the latter by vertical acceleration as a function of time.​

​The tests were conducted by attaching a device to collect data at the approximate positions where​
​the backpack would be situated in each design, as seen in Appendix D. The testing environment was a​
​sidewalk with bumps in it and a curb off of which the bike would be ridden off to model a large speed​
​bump. Due to the conditions being identical in each trial, it was determined that one trial per design​
​position was sufficient. For each trial, the bike was ridden at a measured velocity of 5​ ​1 km/h. The​±
​results from the gyroscope testing can be seen in Figure 13, and the results from the accelerometer testing​
​can be seen in Figure 14. All raw data was processed and plotted with MATLAB.​
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​10. Design Decisions​

​For the convergence to our final design, we made use of a measurement matrix (Figure 15) and​
​four Pugh charts based on our calculations, testing and evaluation criteria (see Appendix E). They​
​allowed us to better understand how each design performed quantitatively relative to the others.​

​As shown in the Pugh Chart with the Front Basket design as the reference design (Figure 16), the​
​only criteria where it is outperformed are in mass, number of steps, and number of parts. However, as it​
​ultimately provides the greatest utility in the critical metrics of Size, Angular Speed, and Acceleration, we​
​deemed the Front Basket design to be the most useful for the selected stakeholders.​
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​11. Conclusion​

​Ultimately, our recommended design is the front basket extension, as it provides the lowest​
​self-weight, volume, angular momentum, and acceleration experienced by the backpack among our​
​candidate designs. Additionally, we found that it takes advantage of the elastics already present on the​
​front of the bike. While the other designs had some advantages, they either required too much power or​
​simply were not as convenient for the user.​
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​Appendix A: Design Brief​
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​Appendix B: Various Angles of All the CAD Models​
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​Appendix C: Explaining Angular Momentum, Angular Velocity, and Moment​
​of Inertia​

​Angular Momentum: Measures the tendency to which an object wants to keep rotating, where a higher​
​angular momentum will induce a force onto your bike for it to be less balanced. Angular momentum is​
​proportional to the angular velocity times the moment of inertia.​

​Angular Velocity: Measures the rate at which an object changes its orientation around an axis.​

​Moment of Inertia: Measures how much a body resists a change in its current rotation. The moment of​
​inertia increases as the design moves higher off the ground from the bike and the self weight of the design​
​increases. Within the context of this report, the moment of inertia makes it harder for the bike to​
​continuously stay balanced because the bike will resist the rider trying to constantly balance it much​
​more. Thus, a design which is higher off the ground will severely decrease the rideability of the bike.​

​Appendix D: Testing Images​
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​Appendix E: Additional Pugh Charts​
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​Appendix F: SCAMPER​
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