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Abstract

A kayak exercise machine that accurately reproduces the forces and motions of a real kayak was designed and built.  Kayaking is an increasingly popular sport and both enthusiasts and amateurs need a way to train during the off season. There are very few kayak exercise machines that are commercially available and those that exist are oversized, expensive, complicated and do not work all of the correct muscle groups required for kayaking.  They are not designed for high volume use, such as in a gym setting, or compact enough for the home environment. The approach for the design was to simulate the basic paddling motion, as well as the motions and forces the kayak encounters from water resistance.  Rotation of the torso and water resistance is simulated through the use of a two part frame design, a lower stationary frame and an upper rotating frame.  The energy absorption mechanism is from a Concept II™ rowing machine and is an accepted form of energy absorption in watercraft exercise machines.
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The Need for Project
	Kayak paddlers need a machine to use for conditioning on demand, and during the off season and inclement weather.

	Since 1993, the popularity of paddling sports, such as kayaking, has increased 58%, from 8.6 million to 13.6 million participants.  During the off season, these paddlers have a need for an accurate kayak exercise machine to keep the paddling muscles in shape. Our design accurately mimics the motions and forces involved in kayaking, and will provide an adequate source of off season, and regular season, conditioning.



The Design Project Objectives and Requirements

	To accurately reproduce the motions and forces involved in kayaking in a compact, efficient machine.
	Design Objectives
Our design objectives were to design a kayak machine that accurately reproduces the motions and forces involved in kayaking.  These include a kayaker pulling the blade of the paddle through the water, twisting their torso to generate more power, and the rotation about multiple axes of the kayak, as seen in the image below, traveling through the surface of the water.  Our emphasis was on working the muscles involved in the paddling motion, and twisting of the torso.
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Design Requirements

The average recreational kayaker paddles at speeds from 3.5 to 4.5 knots (~4.0-5.2 mph).  In this range of speeds, the average kayak sees a total resistance of 2.5-5.0 pound-force, lbf, due to frictional and wave resistance.  Our machine has an adjustable fan intake that, when fully opened, generates 2.03 to 4.93 lbf in the aforementioned speed range.  Greater forces are achieved through higher velocity paddling and increasing the resistance due to the fan by closing the intake, so that a user of any kayaking ability will be able to benefit from the use of our design.

Another major goal was to minimize the footprint of the machine.  The most popular existing machine, the Dansprint™, has a footprint of 10’2.5” X 5’7”.  The Concept 2 rowing machine has a footprint of 7’11” X 2’.  In comparison, our design has a footprint of 6’ X 4’, which is more compact than the Dansprint™ machine.  This small footprint allows for the machine to be a viable investment for gym or home use.


Design Concepts considered

	Two different design concepts were developed, and it was determined to move forward with the design presented.
	The main challenge with this project was deciding on the mechanics of the kayak stroke, and the energy absorption system to be used. The two original designs, “A” and the recommended, we developed had vastly different mechanics, each with positive and negative attributes.  

The design “A” used a crank system stationed directly in front of the user, coupled to a generator to vary resistance.  The upside of this design would have been a vastly smaller footprint, a more compact motion and the ability to electronically vary the resistance.  The problem with this design was an inaccurate stroke, and very complicated mechanics to achieve it.  Considering that a main design requirement was to recreate an accurate kayak stroke, this design was eliminated in favor of our current design.
In considering our current design, we could have used a different energy absorption system, but, with the time constraints related to the project, decided to use the proven fan system from the Concept II™ rowing machine.  It also allows the user to perform a very accurate kayak stroke to get a proper workout.



Recommended Design Concept
	The recommended design is compact, sturdy, fatigue resistant, and representative of kayaking.
	The recommended design has a simple frame design with as few custom parts as possible so as to make maintenance as simple as possible. The frame is 6’ long by 4’ wide and stands just less than 2’ at its highest point. With the exception of a few simple plates made in shop, the frame consists entirely of standard parts and extruded framing.

The design can be viewed as three distinct entities; the first is the base frame which is the stationary portion of the frame, an adapter plate and the turn table which facilitates the rotating of the second distinct section of the design. The second distinct section is the seat assembly which consists of the rotational frame section, an inflatable seat, a foot rest, and the knee brace assembly. The third and final distinct section of the assembly is the resistance assembly which consists of two free wheels, the fan assembly from a Concept II™ rowing machine, and the bar and pulley assembly that drives the Concept II™ fan assembly.
The turn table in the base frame with a resistance and stop assembly provide a limited rotation of the seat frame. This causes the user to twist and balance which increases core muscle work as well as increase the feel of kayaking provided by the machine. The inflatable seat in the seat assembly serves largely the same purpose as the turn table, it cause the user to work their core section much harder while working out on the machine.

Analytical Investigations
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Paddle force calculations:

The average length of a kayak paddle is 220 cm, and we are using a 122 cm rod was our paddle, this equates to a 55.45% ratio between a real kayak stroke path and our machines ideal stroke path.  In an ideal kayak stroke path, the paddle travels in a linear motion 50cm from the center of the kayak, which translates to 27.725 cm from the center of our machine.  We are also assuming a mild paddling angle of 40 degrees, and a paddle force of 10 pounds.  With these assumptions, there is a resultant force pulling the paddler’s arms inwards that ranges from 0.9153 lbs at 3 ft from seat center to 0.0 lbs at 0 ft.
Conclusions: 

As configured, there is a small amount of force pulling the ends of the rod towards the center of the machine if the user were to execute a perfect kayak stroke.  Considering the amount of the force involved, approximately one pound, it has been determined that this will not negatively impact the workout of the user.  If the machine were to go to market, however, we would recommend that this discrepancy, however small, be corrected.
Calculation of the stress in the rotation shaft:

Stress at Shaft:
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The image above shows the forces acting on the shaft, assuming a worst case scenario of 20 lbf acting on the shaft, the stress was determined to be 5055.2 psi.  Our design goals were for a factor of safety of each part of the assembly of 2.5 or greater, the shaft is well within these parameters at 13.2.
Key Advantages of Recommended Concept
There are several key advantages of our design.  First and foremost, the design goes farther than the competition towards accurately modeling the feel of a real kayak. It is also more compact than the majority of competing designs, and the manufacturing cost should keep the exercise machine very competitively priced.


Financial Issues
	The prototype created cost approximately 1,400 dollars.
	The cost of prototype 1 was approximately 1400 dollars. A significant portion of the cost can be attributed to the time limitations for assembly and testing. The framing used is a highly customizable aluminum extrusion from Bosch-Rexroth™, constituting over 50% of the total cost.  We decided on this framing because it allowed a degree of customization and adjustment not available with standard exercise machine framing extrusions.  It was more costly, but allowed us to perfect our design.  If this design were to be moved to production, standard extrusion profiles and welding would replace the Bosch-Rexroth™ framing and fasteners used, thus lowering overall cost of the machine.


Recommended Improvements
	Future work to be performed on the design includes; outfitting of a workout monitoring system, design of rounded frame components, a custom seat design, and a resistance mechanism that varies the resistance force based on the segment of the stroke.
	Future work on the design includes; outfitting of a workout monitoring system, design of rounded frame components, a custom seat design, and a resistance mechanism that varies the resistance force based on the segment of the stroke. The outfitting of a work out monitoring system would improve the overall appeal of the machine as well as assist the user in fine tuning their workout. An assessment of the seat’s rotational resistance mechanism may also be necessary as the current design may not be a cost effective system. The design of rounded frame components is mostly an aesthetic improvement but would also serve to make the frame a little safer by reducing the number of sharp edges. The custom seat is an aspect that would most likely need to be contracted out to a supplier since the prototype uses an existing technology. The design of a resistance mechanism that varies the resistance force would greatly improve the kayaking feel as well as improve the accuracy of the work out.
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