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Executive Summary
This report provides an informative evaluation regarding the ski traverse product. Included within this document is an overview of our mission statement, Introduction and background information, main design requirements/features, design specifications, top-level alternative conceptual solutions and the necessary steps we must take to finish the project while recognizing constraints that we need to abide by in order to accomplish our goals. 

The design process of the ski traverse involves a significant amount of research, and obtaining useful information through our client. Using various design software we were able to create 3D models of the frame and finalize any issues we may encounter for fabrication. We were fortunate enough to have found numerous sponsors to help fabricate the device and provide steel tubing for the main frame. The final design of the device is based off already existing products created to descend down snowcapped mountains. The frame, riding position, and overall appearance of the ski traverse will be similar to tradition ski bikes with an exception of not having a seat.

The present development of the ski traverse is positive, as we have a finished product that has gone through numerous analyses and simulations to prove the device is safe. Using abaqus, the rear arm and frame was determined to have a factor of safety that was greater than 10. 
Implementing a braking system was the one difficulty we encountered due to safety constraints. 
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An injury that some mountaineers are prone to is a tearing of the anterior cruciate ligament (ACL) and/or meniscus due to stress on a person’s knees as they climb. Downhill hiking is the major cause of knee injuries like this because more pressure is placed on the joints of the knees when descending. Over time, repeated stress on the ankles, knees, and hips may cause irritation and inflammation, which may ultimately lead to injury.

[bookmark: h.xno4dj9kwkcs][bookmark: h.elmukbuie6o4]While there are many products on the market that could be used as mountaineering descent aids (sleds, ski bobs, and sit skis), for our client, none of these solutions seem to capture the essence of the sport of skiing; something that our client would like to preserve. Our design focus is to build a device that serves two purposes for our client; our design allows the rider to descend without exacerbating an existing injury, and our design preserves the essence of the sport of skiing. 
[bookmark: _Toc421268013]Mission Statement
The goal of the Portland State University (PSU) Ski Traverse Capstone team is to create a ski device that will allow a hiker to descend down a snow capped mountain. It was also an important consideration for the client to have a sporty feel while using the device. Design parameters are based upon a rider who is 5’1” and weighs 150 lbs. The ski device will have to be able to carry a minimum load of 180 lbs, and it can weigh no more than 20 lbs.
The completion date for a prototype is June 4th. The device should create a new approach for descending down a snow capped mountain in a fun and effective way. The ski traverse is to be small and lightweight to give a rider maximum control and prevent injuries in the event that an accident occurs.
[bookmark: h.gh77dexgnoxd][bookmark: h.opnctccv06ab][bookmark: _Toc421268014]Main Design Requirements
The product design specifications prescribe the requirements of the design. The PDS includes a goal that is to be met for each requirement, allowing the team to assess the progress of the design ensuring that the project is heading in the right direction to meet or exceed the requirements. The full PDS as well as a detailed requirements table can be found in Appendix A1. 
 The key requirements in the PDS are: 
· The weight of the device cannot exceed 20 lbs.
· The ski traverse has to be able to bare 180 lbs without failure.
· The device must be portable so that it can be carried like a backpack when hiking.
· The ski traverse must have a damping system.
· The skis must be detachable when the device isn’t in use.
· The device must look aesthetically pleasing. 
· The cost of the ski traverse must be less than $1,000.
[bookmark: h.xu4f0n4k3zqh][bookmark: _Toc421268015]Top-level alternative conceptual solutions
After many design concepts a hybrid of all iterations became the final product. Each design had its own strengths and weaknesses, but the beauty of having so many is the pros and cons of different aspects became clearer allowing us to pick what works best from each concept and bring it to the final design. 

The first few concepts were mainly focused on the foldability of the device as well as the weight. These models revealed flaws in our folding mechanism as well as the location of it. The initial designs involved folding a solid frame in the middle which not only created a weak point at the pivot of the device it also made it very difficult to pack and carry. The final design involves a non-folding frame, solving the weak pivot point that was presented early on; instead it involves a pivoting rear arm that also doubles as a damper for the device. This rear arm easily folds into the device making it very packable and the thin walled steel tubing amounts to 10 lbs making it easy to haul around.

We obtained a lot of inspiration from existing products like the Bergmonch foldable mountain bike and the Lenz ski bike, which helped us in figuring out our design. The designs that followed were more focused on the ergonomics and strength of the device. Initial designs had the rider in an awkward bent over position that put too much stress in the front end of the device making it unsafe to use. Building upon those designs a semi-final concept was born. The lack of a seat required us to design the device so that the rider’s weight is mainly in the back, but they’re slightly leaning forward in order to keep the center of gravity in the middle of the device while in use. This alteration in the design also solved the overload in the front end that was uncovered in previous models. 

The inspiration for the way that the skis are attached to the device was from existing mounting brackets for split board snowboards. Originally, brackets were to be made in order to bolt the skis to the device, but the sponsor did not want to have to carry additional tools to operate the ski traverse so a new direction was taken. With these modified split board brackets the skis are easily attached to the ski traverse with rail and pin system. Included with this attachment method are springs that will hook onto the front of the skis to keep them propped up slightly when going airborne allowing the rider to land safely.

A braking mechanism was required by the client although it was agreed that it wasn’t necessary. The rider will still be able to slow down and stop by catching edge similar to that of a snowboard. A braking mechanism was developed and refined for this device, but the refined design was still inadequate to us due to the safety of it being caught onto the rider or potentially harming the rider if an accident was to occur. So the idea was scrapped and another idea was introduced to us. This new braking mechanism involved louvers that are hidden in the skis until they’re needed. It will be cable operated much like the braking system on a bicycle, but once the brakes are activated the louvers open upwards creating a void in the skis forcing snow to pile up on to them slowing the rider down. We did not have sufficient time to look further into this braking mechanism since it came to us towards the last few weeks of the term. This braking system appears to have a lot of R&R that is associated with it, and is better off as another capstone project to add on to what we’ve done already. Solid models of the first braking system developed can be found in Appendix E as well as a simple model of the second braking system.
[bookmark: _Toc421268016]Important Design Features
The capstone ski traverse project has many important features compared to other ski bikes. These features include a rear arm that folds down to make it more compact and with a total weight of the body being 10 lbs (Figure 1) the user will not encounter any weight or balancing difficulties while hiking up mountains. The greatest feature of the ski traverse is that the frame integrates with the mountaineering skis using a pin locking mechanism (Figure 1). This allows the client to conveniently use just one set of skis for both the hike up and the ride down. An interesting factor made specifically for the ski traverse was not implementing a seat in the frame. The sponsor strictly required this so the client can have a sportier feel while riding. 
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Figure 1 - Overall view of the device (Top left). The device with the rear arm folded (Top right). Pin locking mechanism for skis (bottom)
Important aspects of any ski bike will involve a compression damper/spring system within the frame where most of the load will be distributed. Having a proper damping system will provide a more comfortable ride.  Another key component is having tension springs attached to both the skis and frame allowing the rider to glide through the snow more smoothly and effectively, while not having to worry about the skis digging into the snow. This feature is especially important if the rider was to go airborne.
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[bookmark: _Toc421268017]Results of the various evaluations
The Bergmonch bike frame was the first design our team originally agreed upon. The construction and overall geometry of the frame was appealing but unfortunately did not provide a safe ride. The factor of safety was calculated to be below 2 at the pivot point based on the finite element analysis. This was not acceptable by the team and sadly had to be rejected. In order to provide a safe product while meeting the client's requirements of standing in the upright position we had to use an already existing product meant for the snow. The Lenz ski bike was a great platform to build upon and adding all the features required for the project was attainable.  

Running a finite element analysis (FEA) on the frame (Figure 2) resulted in a factor of safety of 17.36 and a maximum Von Mises stress of 14.4 MPa. The rear arm (Figure 3) had a factor of safety of 18.66 and a maximum Von Mises stress of 13.4 MPa. The design exceeded the safety standards and met the overall expectations of the client. Unfortunately the product was not tested on snow terrain because it was completed a close to the deadline.

The team had the luxury of obtaining expert opinions from various sponsors that were just as excited about the project as we were. During the prototype display event many students and faculty members actively tested the suspension system by bouncing on the device. All comments and feedbacks were clear that the ski traverse can be a great and fun product. 

[image: ][image: ]
Figure 2 – FEA model of the frame displaying the location of the maximum Von Mises stresses around the damper brackets

[image: ][image: ]
Figure 3 – FEA model of the rear arm displaying the location of the maximum Von Mises stresses to be around the center and the area where it connects to the frame

[bookmark: _Toc421268018]Conclusion and Recommendations
This capstone project turned out to be a successful project. The product has been finalized and is ready to be used effectively with a reliable factor of safety from our FEA process. Even though some obstacles existed along the way such as the lack of knowledge about how bicycles are manufactured that complicated the design process and the manufacturing delays due to poor communication between the group and sponsors, as well as other group members; the team managed to finish the job and successfully satisfy the client. This mechanical engineering capstone project gave us an opportunity to experience how engineering works when working for a client, as well as how to build an effective team, communicate with sponsors, and clients in professional way.
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Figure A1 – Detailed PDS 
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Table B1 - Provided parts and services from sponsors

	List of parts purchased :
	 

	 
	 

	Name
	Cost

	Split kit (DIY)
	$159.95

	Twin skiboards
	$135.95

	Soft boot bindings
	$30.00

	Hard shell bindings
	$12.99

	EPOXY
	$4.99

	3/4 Spade bit
	$4.67

	Spring
	$6.58

	REI - bolts-10, washers
	$7.00

	Jenson USA damper bushings X2 10mm X22.20mm
	$44.00

	3-1/2" by 3/8" bolt and washer and nuts
	$7.00

	Plastic UHMW 1.5" OD cut to 12" for bushings rear end
	$15.92

	Fastenal 2 wire locking pins
	$14.98

	Wire crimps from home depot
	$3.77

	Foot pegs
	$97.99

	Steel tubes (Ti-cycles)
	$20.00

	bike handle bars and grips
	$100.97

	painting supplys
	$17.47

	 
	 

	Available budget
	$1,000.00

	Total spent
	$684.23

	Left over budget
	$315.77



Table B2 - Bill of materials with the available budget shown as well as what is left over from the budget


[bookmark: _Toc421268021]Appendix C: Other Documentation
[bookmark: h.3dy6vkm][bookmark: _Toc421268022]External Search
	There aren’t very many competing products with the same specifications as our product. The few that are out there are very well built and has a lot of the features that we’re seeking, but none have the same array of features that our client requires. Our design, although has a little bit of each competitor’s features, is more innovative and convenient for those seeking for a device that has all the perks of the competitors and more.
The products that inspired us and directed us in the direction we’re heading towards are: 
[bookmark: h.1t3h5sf][bookmark: _Toc421268023]Koga Bergmonch
	The Koga Bergmonch shown in Figure – C1 is a bike made for mountaineers to carry up in its unique backpack form that also has storage compartments just like a backpack. The device is lightweight and can be ridden in a standing or kneeling position. The Bergmonch has front and rear suspension for a comfortable ride down the mountain, as well as a cable braking system like a bicycle.
[image: ][image: ]
Figure C1 - The Koga Bergmoch bike in its folded form and fully assembled form with the built in backpack used to carry the device.

Lenz Ski Bike – Recon Basic
	The Recon Basic shown in Figure – C2 is a performance device that has an adjustable seat for riders with knee problems. The device can also accommodate a full suspension system that includes the rear strut under the seat and front dampers in the fork. Although the design is very appealing it lacks a braking mechanism as well as foldability.

[image: ]
Figure C2 - Lenz ski bike has a strut for impact cushioning under the seat as well as dampers in the front fork

Railz Snow Scooter
	The Railz snow scooter is a twist from the traditional kick scooter as shown in Figure – C3. The snow scooter has everything that a kick scooter has, but instead of wheels it has miniature plastic skis. The handle bar extends up to accommodate users of various heights and it folds at the bottom fork for easy transportation. Though the design is very simple and easy to use, it does not have any damping and the deck of the scooter is very low to the ground which could be an issue when in powder snow.
[image: ]
Figure C3 - Railz snow scooter

	We did research on various skis to find one that is suitable for our needs, as well as researched how to incorporate the skis so that they can be removed and used by the person when the device is not needed. After many ideas and much research we came to a decision of using a splitboard binding interface as the system for our detachable skis, and using a set of skis called twin tip skiboards. We decided on this combination because both objects are simple, readily available, cost effective, and fits the criteria for what we need.
	The material to build a majority of this device out of was a big concern because it needs to be 20 lbs or less. This decision was easily made when we found out that a lot of steel tubing is available to us from previous projects at the university at no cost, which made our budget just a little bigger for other parts such as dampers and possibly small aluminum parts. Strain analysis will be performed on the steel and aluminum if we end up going that route to test the integrity of the material when it’s loaded at different temperatures.
[bookmark: h.4d34og8][bookmark: _Toc421268024]Internal Search
	After a lot of brainstorming and developing concept designs a decision was made between three main ideas. We decided to continue on with the design that is based off of the Koga Bergmonch. Each design has its own strengths and weaknesses, but the final decision was ultimately the sponsor’s. Figure – C4 is a summary of the strengths and weaknesses of each concept.
[image: ]
Figure C4 – Strength and weaknesses comparison of primary concepts that were developed
Cost was a big part in the brainstorming process. The materials to be used and overall design was dependent on this one factor. With the design concept chosen, we started purchasing the parts necessary to do so. The first to be purchased were the twin tip skis that were decided after much discussion about how it will work perfectly for what was needed of the device. The material was still being debated up until we learned that there was aluminum piping that we can use from a previous project at no cost to us. At around the same time we also finalized our concept as to how the skis are going to be attached and detached from the device. We found a pair of splitboard binding interface at a reasonable price that included all the parts needed for this portion of the project.

We also brainstormed ways to stop the ski traverse while it’s in motion. The braking system is still a work in progress, but we have couple ideas of what it could be. One option is to a snow hook shown in Figure – C5, which are what sled dog users use to slow down the sled. The snow hook works by simply digging into the snow and slowing the sled down to a stop. The second option is for the user to turn the ski traverse sideways like on a snowboard or skis using their body weight. Although this solution is the simplest, our client is very adamant about having a braking system as well.
[image: ]
Figure C5 – Snow hook used to slow down and stop dog sleds
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[bookmark: _Toc421268025]Appendix D: Production Drawings
Below are production drawings that can be used to reproduce the ski traverse. Each part of this device are made out of either steel or plastic and is labeled in the drawings accordingly.

[image: ]
Figure D1 - Rear arm damper mounting bracket
[image: ]
Figure D2 - Heel portion of splitboard binding mounts
[bookmark: _Toc421268026]Appendix D: Production Drawings Cont.
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Figure D3 - Plastic bushings for the rear arm

[image: ]
Figure D4 - Steel tube for rear arm bushings


[bookmark: _Toc421268027]Appendix D: Production Drawings Cont.
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Figure D5 - Steel pivot bracket for headtube and rear arm to connect to skis

[image: ]
Figure D6 - Spring attachment flange
[image: ]
Figure D7 - Top damper bracket attached to the frame for the top part of the damper

[image: ]
Figure D8 - Frame of the ski traverse


[bookmark: _Toc421268028]Appendix E: Other concepts
These are the braking mechanism concepts that were developed for this project, but due to the time frame given these were not implemented due to their lack of safety as well as development.
[image: ] [image: ] Figure E1 – Initial braking mechanism created
[image: ] [image: ] Figure E2 – Safer more refined braking mechanism
[image: ] [image: ]
Figure E3 – The braking idea we were given, but did not have time to refine it. A fin or louver comes down or up creating a void and snow is then piled onto the skis slowing it down to a stop.
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