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Introduction 

This report outlines the process of moving from identifying a problem, to coming up with a 

possible design solution and then testing and modifying that design for a mono-ski (aka sit ski). 

This design takes information from the Design Specification Report and expands on its ideas.  

The design should accommodate the weight and waist size of an average male. The design also 

needs a shock absorption system to reduce impact of forces on the user. A less important feature 

was the need for the design frame to be able to be a suitable size (length and width) to fit on a 

ski. An additional feature added, was the idea to simplify our design by using a centralized base 

instead of multiple supports. 

 

For the FEM analysis, we used the cyclic and static loading conditions outlined in the previous 

report. The static loading uses the average weight of a male distributed on the upper support. Our 

cyclic loading will use the compression and decompression due to the loading and unloading. 

 

Idea Generation and Concept Selection 

Below  are a few design ideas our group came up with in composing the main parts of the 

monoski. These components will eventually be modified to meet specifications. 

 

 

 

​  

 

 

 

 

 

​  

We decided that the 

suspension and board 
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were good solid ideas for our design since they were reliable and also provided much needed 

support and making our design realistic.  

support and frame were very weak and poorly designed 

 

Preliminary Design 

After looking at the different design options we decided to try and use these components with a 

base for the skier to sit upon. This is because these components allow for support for the user and 

also give a wide base for them to sit on. They also are designed to fit an average sized male, and 

a average sized ski. We used a ski sizing chart (shown below) when deciding some of our 

dimensions. We used the average height of a male which is around 5’9”, and used the 

corresponding ski height and length as our dimensions 

. 

 

We also needed to decide on how we were going to attach our supports to seat holder. We 

decided to test our design with one set of supports (not including the suspension) that was 

attached to a base at the centre of the ski. Alternate designs included multiple holes at the base 

and multiple bases.  

Our initial design consisted of basic parts. The design was mostly to test the feasibility of 

different components of our design. It had a simple base attached to the ski at the centre. This 
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was used to support the support bars and the shock absorber. Then we used supports attached to a 

“frame” that we designed. It had multiple holes to add modularity for consumers, and for our 

own testing purposes.  

 

For our material selection, we wanted to choose something that has a high yield stress and low 

density to maximize the monoski’s performance under loading conditions. We ended up using 

plain carbon steel for our material. 

 

FEM Analysis & Iterative Design 

Images of the initial design, and it undergoing different loading conditions in solidworks 

simulation are shown below.  
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Our design, does not actually include the spring as a component in the analysis. Instead, we 

determined the spring constant for the spring designed in SolidWorks. This was done by using 

online software called the Spring Creator from a company called Acxess Spring. The results of 

the calculations are shown in the figure below. 

 

 

Using the Spring constant , knowing that and having a max displacement of -10mm we 𝐹 =− 𝑘𝑥

have a spring force of around 230N. This force is placed and divided among the bolts that hold 

the shock absorber. For our loading condition, we took the average weight of a person which was 

75 kg and multiplied it by 9.81 m/s^2 (gravity), which resulted in a downward force of 735.75 N. 
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However, for simplification purposes, we approximated the force to be 750 N in our simulation. 

From our initial analysis, we can see that our design has some choke points. Namely, bending in 

the support beams and in the support rods. As expected from the results, our design isn’t very 

safe in most places and has a low factor of safety, which can be improved greatly with better 

design of safety simulation. 

 

  

 

For our fatigue analysis, we used our static study as our event, but we needed to decide on the 

amount of uses for our design. We first found info on the number of people who ski a year and 

the number of active skiers[1] . Taking the averages of 2011/12 we found that people go skiing 

approximately 7 times a year. (18 million visits/year  2.5 million skiers/year). We then found ÷

that, on average, skis should last about 80-100 ski days[2] or visits. If we make the assumption 

that  a person will ski about 2-3 times in a vist, the ski should last 160-300 skis or about 40 years.  

For our fatigue analysis we used 300 cycles. The results are present in the figures below. 
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Looking at our results, the central components, the piston and support, take the most damage, 

and thus have the smallest life. We will try to reduce damage by balancing loads. 

For our new design, we tried to keep the same basic principle, but with a sleeker design. 
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Fatigue Results 
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From our new design it seems that the supports and forces are handled well, but our threaded 

rods are under alot of pressure and are deforming. They also had areas of high stress 

concentrations with bands appearing on the upper rod. We hypothesized that they were failing 

because they were receiving forces directly and not being distributed. Some possible solutions 

were to add additional rodded components, to add bolts in between the rods, add additional rods, 

or thicken the rods we had in place. 

We first attempted to add bolts, but this only acted as a band aid solution and further inspections 

showed that the high concentration stress bands were still present. Our next solution was to add 

additional rod components, but we decided that this approach would require us to   scrap our 

main design and because it left too little material between components. We decided to instead 

thicken our rods. Doing this greatly reduced bending and stresses in the rods. Images from the 
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improved areas are shown in the figures below.
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Final Design 

Based on our Specification report, our final design (shown below) should be able to support the 

average weight of a person (around 750 N) and also be able to support its own weight. It should 

also be bounded by having a fixed reactionary force at its base. It should be durable, and have a 

moderate weight, with moderately priced materials. All these things are met in our design. Parts 

used are relatively cheap to buy and can be machined. The design is also made of appropriate 

materials such as 6066 aluminium for its flexibility and steel for its rigidity and shear modulus. 

Our design can also handle downward forces upwards from 600-2000N for weight and for forces 

when skiing. Our design also distributes stress well and has a long cycle life (given the 

simulations used in this study). 
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The design has an overall factor of safety of approximately 4 based on static loading. Using the 

cyclic loading (fatigue), we can estimate the fatigue lifetime of about 1-2 million cycles. 
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Bill of Materials: 

 

Item NO. Part Quantity 

1 Ski Base 1 

2 Frame 2 

3 Suspension Base Final 1 

4 Suspension  1 

5 Medium-Strength Steel Threaded Rods—Class 8.8 3 

6 Base Plate Final 1 

7 Spacer 1 

8 Metric Medium-Strength Steel Hex Nuts—Class 8 6 
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Auxiliary Parts: 

 

https://www.mcmaster.com/#steel-threaded-rods/=1c6maga 

 

https://www.mcmaster.com/#steel-nuts/=1c6mb73  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.mcmaster.com/#steel-threaded-rods/=1c6maga
https://www.mcmaster.com/#steel-nuts/=1c6mb73
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Appendix I: Assembly Drawing 
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Appendix II: Individual Drawings 
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Appendix III: Detailed FEM 

Since the file is a PDF document, click the below link for the whole report on the detailed FEM 

https://drive.google.com/drive/folders/1ZHfw805BDOOzfM9fnsvgqG9mK6CoS5zR?usp=sharin

g 

Copy the link into a web browser. 
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