

Yakima R.O.C. Load Assist

Me 493 Final Report
Year 2013


Group Members
Bernard Chang
Bao Ha
Khanh Nguyen
Kenath Sponsel
James Vue



Academic Advisor
Faryar Etesami, Ph. D.

Industry Advisor
Ben Hein
1


Executive Summary
Yakima Racks, Inc. is an Oregon-based company, producing car-mounted storage and transportation systems for bicycles, kayaks, skis, snowboards, etc.  The Rear-of-Car lift assist rack (ROC Lift) was proposed by Yakima engineers to fill a void in the current market for bicycle racks with high weight capacity as well as a method of reducing the effort required by a user to load the rack.  The design is specifically targeted towards electric bike, or e-bike, riders with limited lifting strength and range of motion. 
Yakima currently uses their HoldUp product for heavy duty uses, such as for heavy bikes.  However, this current product does not incorporate a lift assist mechanism.  The proposed design the Capstone team chose should provide essential lift assist to those that need it.  This rack system is designed to lift and load two e-bikes weighing approximately 70 lbs. each with minimal user exertion.  
The main components of our design consist of what the team calls the superstructure, connected by two sets of parallel sing arms connecting the bike tray to the hitch.  This rotates about an axis and lets the bike tray remain parallel to the ground.  The lifting force is supplied by a hand crank winch with a pulley and is controlled by a rotational damper when lowering the rack.  
This design is up to Yakima standards, and because it is just a prototype, the weight constraint issued by Yakima in the Product Design Specification document will not apply.  The experience and knowledge gained from the design process will serve well for future research and development of this type of rack system.  
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Introduction:
	Electric bikes are growing in popularity, so much so that there’s a demand for a way to transport these bikes.  The problem with traditional bike racks, like the Yakima HoldUp shown in Figure 1, is that the rider must lift up their bikes onto the tray.  This might create a problem for those using e-bikes, as they may weigh up to an average of 70 lbs., much more so than traditional road bikes, which weigh, on average, close to 30 lbs.  Yakima intends to break into this market by proposing a hitch mounted bike rack with a lift assist.  
	Yakima proposed to us, the Portland State University Engineering Capstone Team to design a Rear-of-Car bike rack that consists of a load assist specifically aimed for e-bike users.  Though Yakima didn’t specify the amount of load assist, we as a team decided that our load assist design will alleviate 75% of the weight of the bike.  With the benchmarks placed by the Product Design Specification document, we began our design process.
 (
Figure 
1
: Yakima's current heavy duty design, the 
HoldUp
.
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Mission Statement:
The capstone team will design and prototype a load assisted e-bike rack that will remove 75% of the required lifting from the user.  The rack will be based on Yakima’s pre-existing HoldUp design which is a heavy duty hitch bike rack.  The load assist e-bike rack will be designed to be simple, intuitive, and easy to use with a retail price of less than $500.00.  The user profile of the load assist e-bike rack will be a 5’0” female at 50+ years of age that has limited lifting strength. 

Main Design Requirements:
	The PDS documents the criteria that detail the customer needs and constraints.  These constraints will be used for the design process of the Yakima R.O.C. load assisted bike rack.  Listed below are the main criteria from the PDS.  For the full detailed PDS, see Appendix.
· User Profile: 5’0” female at 50+ years of age that has very little lifting strength.
· Support 2 bikes weighing a maximum of 90 lbs. each. 
· Retail price of less than $500.
· Ease of use, with first-time installation at 15 minutes, subsequent installations at 5 minutes.
· The design must let the bike tray fold up when empty.

Top-level Final Design Alternatives:
	In the design phase, the team brainstormed concepts based on the constraints detailed in the PDS.   Rather than a whole new design, the team decided it was best to use the HoldUp bike tray, and design a lift assist mechanism based around that.  Initial brainstorming yielded a few designs; the team narrowed the ideas down to five concepts, which can be seen in Appendix C.  After utilizing a design matrix shown in Table 3 in the Appendix C, it was decided the basis of our design shall utilize a set of parallel swing arms for axis of rotation.  However, the next design phase was to determine the process in which to provide the load assist.  
	The initial design concept utilized a pump actuator system to provide the lift assist.  A pneumatic piston would provide the lifting force while a hand lever pump would recharge the air piston.  However, due the placement of the pneumatic air piston, it would be difficult provide a viable vertical lifting force past a 135o rotation (see Figure 2 for reference).  Also, the piston stroke length would have to be quite long, being at least 14 inches.  Due to such a long piston stroke, the component costs were quite high, averaging close to $150.  

[image: ]
 (
Figure 
2
: 
Initial design concept. Pneumatic system placement and design of superstructure created a problem for our team.
)	
	
	Due to the complexity of the design, it was decided as a team to forego the pneumatic system and proceed with another solution.  The team decided the simplest and most efficient system that provided the essential force was a hand crank and pulley system. This system provides the user with an ease of use, safe, and reliable method to lift the bike rack.
Final Design
 Overview
	The complete design will be covered briefly; a more detailed description of each component will be discussed in the following sections.  The complete design is rather simple, consisting of the superstructure made of connecting to two sets of parallel swing arms.  A complete assembly is shown in Figure 3.  The swing arms rotate about the axis, lowering the bike tray in the process.  When lowered, the swing arms also act as a constraint, butting against each other and restricting further downward movements.  Once lowered, bikes may be placed on the tray and secured, ready to be raised back up.  A hand crank cable system will be utilized as our lift assist.  The hand crank is mounted on the super structure as shown in Figure 4, with the pulley attached to the top of the superstructure.  Engaging the hand crank will supply the force needed to lift the bike tray back to its neutral position where it can be locked and secured.  The structural parts simply support the load while the forcing components supply the motion to the structure.  The design is split into two groups, structural and forcing.
[image: G:\Final Design Assembly 0430\holdup_5_21_13_up.JPG][image: G:\Final Design Assembly 0430\holdup_5_21_13_down.JPG]
Figure 3: Full assembly design concept.  The first figure shows its neutral position. The second shows its lowered position.
[image: ]
Figure 4: Prototype design. The hand crank is attached to the lower superstructure.
Structural Design
Aptly named the superstructure, it has two parts: the lower superstructure and the upper superstructure shown in Figure 5.  Designed from aerospace steel, it is able to withstand the load of a loaded heavy duty bike tray.  The structural parts critical to the lifting motion are the swing arms, shown in Figure 6, which are placed so that their resting position is fully vertical.  With all swing arms locked in contact with each other and all equal length, the bike tray, mounted opposite the hitch on the swing arms, stays parallel with the ground throughout its ascent and descent. As the swing arms rotate down, the bike tray lowers toward the ground, with the swing arms contacting each other and stopping the motion.  At its lowest point, the bike tray is 22 inches below its raised and locked position.  The 22 inch reach allows the rack to lower, from a tall SUV, to the ground for bike loading with no lifting required.  
[image: ]
Figure 5: The red structure is notated as the lower superstructure and the blue as the upper superstructure.
[image: ][image: ]
Figure 6: Parallel swing arms.  These swing arms act as linkages between superstructures.
Figure 7 show the superstructures supporting the swing arms on splined chromoly-steel axles, rotating inside oil-impregnated bronze bushings.  The splines are two parallel “D” cuts, in the swing arms and axles that rigidly mate the swing arms to the axles and prevent swing arms from rotating independently of one another.  This rotation would translate into the bike tray rolling and swaying side to side while a vehicle is in motion.  The bronze bushings mentioned are a low cost way to reduce friction on the axles, decreasing exertion required to raise the loaded bike tray, extending the lifetime of the rotating parts, and keeping part wear isolated to low cost-replaceable parts (bushings, bolts, etc).  An exploded view of the axle, swing arm, and everything in between is shown in Figure 8. 
[image: ][image: ]
Figure 7: Steel axles which prevent the swing arms acting independently from each other.
[image: ]
Figure 8: Exploded view of axle, inner bushings, outer bushing, washer, swing arm, and nut assembly.
The upper superstructure carries the bike tray on a locking pivot that allows the tray be rotated vertically and stowed against the upper superstructure when the tray is not loaded, shown in Figure 9. The pivot uses a spring-loaded locking pin to secure the tray in its loaded and stowed positions. In addition to the locking pin, the bike tray extends under the upper superstructure, protecting the locking pin from shearing off in an extreme impact load on the tray.
[image: ]
Figure 9: Horizontal bar resting under the upper superstructure.  It is able to pivot to fold up the bike tray when not in use.  It is locked by a spring loaded pin.
	The lower superstructure, Figure 10, is mounted to the hitch on a locking pivot to allow the whole bike rack to rotate away from a vehicle’s trunk/rear door/tailgate and is locked with the same spring-loaded locking pin as the upper superstructure.  The flat angled face at the bottom of the lower superstructure mates against the hitch when rotated.  
[image: ]
Figure 10: Lower superstructure cut at an angle. This lets the whole design pivot at that angle to open the rear truck of a vehicle.

Force Component Design
The lower superstructure holds the forcing components, the hand-crank winch against the vehicle side and the pulley mounted at the top.  The forcing components lift the bike tray up by pulling the top of the upper superstructure towards the pulley on the top of the lower superstructure.  This limits wasted exertion at the hand crank by constraining the cable to lifting the upper superstructure vertically up and the horizontally, pulling the superstructures and swing arms into contact with each other.  The steel-braided cable is plastic coated to provide weather resistance.  The hand crank winch is geared down 2.85:1, with an adjustable length handle to provide mechanical advantage in lifting.  It is ratcheted for the raising motion, preventing the rack from descending if the crank handle is released.  The winch has a drum brake for the lowering motion, to prevent a runaway descent.
[image: ]
Figure 11: The pulley placed at the top of the lower superstructure.  The cable runs through this and is attached to the upper superstructure at the inlet.
[image: ]
Figure 12: Hand crank placement on lower superstructure along with pulley and cable.
Product Design Specification Evaluation
	The prototype was evaluated using the PDS requirements.  The main requirements are listed in Table 1.  All requirements were met with the exception of two, the retail price and the installation time.   As this is just a prototype, those requirements did not factor in the initial design.  
Table 1: Design evaluation of Rear of Car bike tray prototype.
[image: ]
	To reiterated, since we are still using Yakima’s HoldUp product, most of the PDS requirements are accomplished and met.  We felt that this made the design process much easier.  Not only does is feel familiar to Yakima and their customers, this will not only make analyzing the complete design easier, but parts can translate between the two products much easier.  Testing under Yakima’s Codes and Standards, Appendix E, were the only PDS requirements the team was not able to accomplish due to time constraints.  This will be up Yakima’s discretion to test and analyze this design.
Conclusion
	Due to the short timeline for the project, a full-scale, steel prototype could not be manufactured or tested. Instead, a full-scale model was rapidly prototyped and demonstrated the geometry and motion of the lifting mechanism and all moving parts. Because of this, the prototype could not be strength tested per Yakima’s design codes and standards. However, the main PDS requirements were met, except two: price range and the installation requirements.   Though the price is a very important requirement, a working prototype can be redesigned and refined to meet this requirement.  Due to time constraints, we were also unable to test the installation time on an actual hitch.  Since the bike tray is that of the HoldUp, PDS requirements for Key Product Features and Fit (Appendix A) were met.  Other PDS requirements required testing, which we were not able to do.   Though we were not able to tests, and a few PDS requirements were not met, the main PDS requirements were met along with a prototype for proof of concept.
We as a team, and as prospective engineers, are very proud of this project and prototype.  Together, we faced many trials that we overcame through great problem solving and team work.  We hope this prototype will provide Yakima with the building blocks to design a marketable product.  
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Appendices
Appendix A: Product Design Specification
	This section details the customer constraints listed out by Yakima.  The following tables indicate the constraint requirement, followed by the customer, importance (rated from one to four stars, with four stars being the highest importance), metric, target, and verification.  This outlines the customer each requirement satisfies, the importance relative to the final design, what and how the team will complete these tasks.  
Table 2: Full Detailed PDS criteria:
	Key Product Features and Fit Requirements

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Fit
	 
	 
	 
	 
	 

	     2" receiver
	Yakima
	****
	inch
	2
	Measurement

	     1 1/4" receiver
	Yakima
	****
	inch
	1 1/4
	Measurement

	     Number of bikes
	Yakima
	****
	# of bikes
	2
	Inspection

	     Different bike types
	Yakima
	****
	yes / no
	yes
	Inspection

	Mechanism
	 
	 
	 
	 
	 

	     Fold up when empty
	Yakima
	****
	yes / no
	yes
	Inspection

	     Bottle opener
	Yakima
	****
	yes / no
	yes
	Inspection

	Security
	 
	 
	 
	 
	 

	     Integral lock loops
	Yakima
	****
	yes / no
	yes
	Inspection

	     Improved fastener security
	Yakima
	**
	yes / no
	yes
	Inspection

	Bike mounting
	 
	 
	 
	 
	 

	     Simple arm mechanism
	Yakima
	****
	yes / no
	yes
	Inspection

	     Clears front brakes
	Yakima
	****
	yes / no
	yes
	Inspection

	     Simple rear wheel strap
	Yakima
	****
	yes / no
	yes
	Inspection

	     Bike weight limit
	Yakima
	****
	lbs.
	90
	Measurement

	Stability
	 
	 
	 
	 
	 

	     More stable receiver
	Yakima
	**
	yes / no
	yes
	Inspection

	Design
	 
	 
	 
	 
	 

	     Design language
	Yakima
	****
	yes / no
	yes
	T.B.D.






	Loads and Dimensions

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Ground clearance
	Yakima
	****
	inch
	T.B.C.
	Measurement

	Distance from end of receiver to rear of rack
	Yakima
	****
	feet
	4
	Measurement

	Rack weight
	Yakima
	****
	lbs.
	50
	Measurement

	Maximum capacity
	Yakima
	****
	lbs.
	180
	Measurement



	Target  Retail Price

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Retail price
	End User
	****
	dollar
	500
	Analysis / Expenses



	Installation and Removal

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	First-time installation
	End User
	****
	minute
	15
	Measurement

	Subsequent installations w/o instructions
	End User
	****
	minute
	5
	Measurement

	First-time removal of rack
	End User
	****
	minute
	5
	Measurement

	Subsequent removals of rack
	End User
	****
	minute
	5
	Measurement

	Adjust tray
	End User
	****
	minute
	5
	Measurement

	Requires addition tools
	End User
	****
	yes / no
	T.B.D.
	Inspection



	Operation

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Installation of one bike
	End User
	****
	minute
	T.B.D.
	Measurement

	Removal of one bike
	End User
	****
	minute
	T.B.D.
	Measurement



	Transport

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Noise
	End User
	****
	dB
	T.B.D.
	Measurement

	Stability of mount = Yakima Holdup
	Yakima
	****
	yes / no
	yes
	Inspection





	Security

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Mount is lockable to receiver via accessory lock product
	End User
	****
	yes / no
	yes
	Inspection

	Mount is lockable to bikes via incorporated lock product
	End User
	****
	yes / no
	yes
	Inspection



	Performance

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Mount performance standard YS2015 and DIN 75-302
	Yakima
	****
	T.B.D.
	T.B.D.
	T.B.D.

	Cycle test
	 
	 
	 
	 
	 

	     100% load (2 directions)
	Yakima
	****
	# of cycles
	30k
	Testing

	Pull strength - per YS2024
	 
	 
	 
	 
	 

	     3G downward load
	Yakima
	****
	lbs.
	660
	Measurement

	     4G forward / forward 20 deg. Load
	Yakima
	****
	lbs.
	880
	Measurement

	     2G lateral load
	Yakima
	****
	lbs.
	440
	Measurement

	     1G recoil load (upward)
	Yakima
	****
	lbs.
	220
	Measurement

	Impact - per YS2010
	 
	 
	 
	 
	 

	     Ball drop from 20 cm (77 to -22 deg. F.)
	Yakima
	****
	inch / inch
	T.B.D.
	T.B.D.

	Durability / Road Loop - per YS2014
	 
	 
	 
	 
	 

	     150% design load
	Yakima
	****
	# of cycles
	T.B.D.
	T.B.D.

	Environmental
	 
	 
	 
	 
	 

	     Salt spray - assembly
	Yakima
	****
	T.B.D.
	240
	Measurement

	     Salt spray - individual comp.
	Yakima
	****
	T.B.D.
	500
	Measurement

	     Thermal testing per YS2012 (-40 to 90 deg. C.)
	Yakima
	****
	T.B.D.
	T.B.D.
	T.B.D.

	     Chemical resistance per YS2013
	Yakima
	****
	T.B.D.
	T.B.D.
	T.B.D.

	     UV resistance per YS 2015
	Yakima
	****
	T.B.D.
	T.B.D.
	T.B.D.



	Safety

	Requirements
	Customer
	Importance
	Metric
	Target
	Verification

	Load beyond fender line
	Yakima
	****
	inch
	0
	Measurement

	Load beyond right fender line
	Yakima
	****
	inch
	6
	Measurement




Appendix B.1: External Research Summary
	The purpose of external research is to identify current e-bike rack market competitors.  Research in relevant technologies will help in designing an approach to lift assist and to fulfill the requirements of the PDS.
Because electronic bikes are just now growing in popularity, the amount of products in the market for transporting these bikes is limited.  Current e-bike rack competitors include Atera and Thule products.  Figure 13 shows the Atera E-Bike M features a very ergonomic design.  This rack is priced at $600, which is much higher than our requirement.  It is able to hold up to two bikes, with an option of an adapter for an additional bike.  The maximum load for two bikes is 130 lbs., and the weight of the rack is 30 lbs.  This e-bike rack uses a detachable ramp system for its lift assist that allows users to roll the bike up to reduce the load on the user.  However, since e-bikes are heavy in weight, the amount of lift assist may not be optimal when using a ramp.  Also, because the ramp is detachable, the user must always remember to bring the ramp wherever they go.  The Thule EuroPower 916 e-bike rack, shown in Figure 14, is priced at $699.  It is very similar to the Atera E-Bike M, in that it also uses the ramp system for lift assist.  Load capacity is also the same, at 130 lbs.  Features that differ from the Atera E-Bike M are ergonomic aesthetics and bike security.  Other than that, the features are identical.  
[image: \\khensu\Home01\jvue\Desktop\Capstone\Progress Report\atera.jpg]
Figure 13: Atera E-Bike M.
[image: F:\Capstone\thule-916-europower-electric-bike-rack-with-ramp-add.png]
Figure 14: Thule EuroPower 916 e-bike rack.
	The previous two e-bike racks were priced much higher than that of our requirement.  Also, the amount of load capacity was lower, at 130 lbs. compared to our PDS requirement of 180 lbs.  As a team, we wanted to differentiate our design from current markets.  Though the ramp systems are quite simple, we wanted our design to feel similar to the HoldUp.  That meant that loading and unloading bikes feel much like other Yakima products.  



Appendix B.2: Internal Research Summary
	During our internal research, we decided rather than developing a whole new design, we would modify the existing Yakima HoldUp.  This idea was formed, along with its simplicity, to have a look and feel similar to other Yakima products.  Many design ideas were developed, and after a design concept scoring analysis, the decision for the final design was to be a four bar parallel swing arm system using a pneumatic cylinder for lift assist.  The concept was designed to create a near 100% lift assist.  Finalizing the design, it was decided to split the system into two parts, the parallel swing arm system and the lifting mechanism.  Though related, they can be treated separately.  

Appendix C: Top Level Alternatives
Figure 15 shows a design, designated Concept A, and is a durable design which meets the ROC design’s requirement.  However, it is a complicated design mechanism, and costs more to build. 

[image: ]
Figure 15: Concept A. 

Figure 16 shows Concept B which incorporates a swing arm/pneumatic damper system.  The damper is loaded as the rack is being lowered with the ratchet system preventing the rack from moving back into its initial position.  Once the bike has been loaded, the ratchet system will engage allowing the rack to be pushed back into the lifted position.

[image: ]
Figure16: Concept B.

Figure 17 shows a simple design which can be built easily and with low cost. However, the design does not seem strong enough to handle a heavy, repeated load requirement.  The carried bikes tray may loosen, or slide off the rack during transportation.   

[image: ]
[image: ]
Figure 17: Concept C.
Concept D is shown in Figure 18and consists of two bearing supported axles mounted on the hitch and bike tray.  They are connected by the swing arms, making a four-bar linkage, keeping the hitch and bike tray parallel to each other.  The hub pawls act as the ratcheting system to prevent the rack from lowering when not desired. The inboard pawls are mounted to the hitch, are non-rotating, and slide inward (axially) when the release grip on the hand crank lever is pulled.  The outboard pawls are fixed to the swing arms, rotating with the swing arms, and engaging with the inboard pawls.  The air pistons are mounted such that they drive the upper swing arm into its full, upright position.  The pistons are charged by leverage applied by the hand crank lever to the change pump.  The charge pump adds pressure to the pistons until sufficient force is provided to lift the rack into its full-upright position.  This design is able to handle the required load. 

[image: ]
Figure 18: Concept D.
	All of these design concepts were scored based on various criteria, shown in Table 3.   Of the designs evaluated, the four bar parallel swing arm linkage design was selected based on high ratings.  However, the original designs for the method of force application (coil spring, pneumatic piston, or hydraulic piston) were rejected.  The solution was a hand crank cable with pulley system.  By mounting the cable, pulley, and spool to the hitch and bike tray, the cable/pulley system isolates the forces of lifting the bike tray, reducing the load on the swing arms to only an axial component. 
Table 3: Design Concept Scoring. Each design was critiqued in various categories and ranked below.
[image: ]

Appendix D: Finite Element Analysis
	When analyzing the structure of our design, the lower bracket of the superstructure, the upper bracket connecting the superstructure to the hitch, and the horizontal bar of the bike tray will experience the most force.   The total load used for analysis was 500 lbs. using a factor of safety of two.  (Note: The material used for analysis differs from our actual prototype.  This is due to budget constraints.)
	Figure 19 shows the analysis of the lower bracket.  Shown is the highest stress in the bracket.  The highest amount of stress occurs where the point of interest is, not surprisingly since this is a fillet.  23.5 MPa is the highest stress occurring, much smaller than the yield strength of the material, at 710 MPa.  This analysis, however, is done with static loading, and thus might differ with dynamic loading.  
[image: \\khensu\Home01\jvue\Desktop\Capstone\asdfs.jpg][image: ]
Figure 19: FEA of the lower bracket.  This analysis shows that the part will withstand static loading.
	Figure 20 shows analysis of the upper bracket.  Again, the point of interest is at where the fillet and the rest of the bracket meet.  The highest stress at that point is 98.9 MPa, again much less than the yield strength.  This bracket will not fail due to static loading.  Figure 21 shows analysis of the horizontal bar, which holds the bike trays.  The highest stress point occurs at the holding bolt hole, with a stress of 23.1 MPa.  Under static loading, our design will not see any structural failure.  Given more time, a dynamic test would’ve been done per Yakima standards.
[image: ]
Figure 20: FEA of upper bracket.  This analysis shows that the part will withstand static loading.

[image: ]
Figure 21: FEA of horizontal bar.  This analysis shows that the part will withstand static loading.
Appendix E: Yakima Codes and Standards
The following information in this appendix details the codes and standards in which to test our prototype had the team had additional time.  It is up to Yakima’s discretion to test the current prototype.  Testing referenced notated as YS are Yakima standards, while the rest of the test reference are industry standards.
YS2015 Rev. J
[image: ]
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Yakima thermal cycle test: YS2012 Rev D.
[image: ]


Appendix F: Bill of Materials
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Appendix G: Production Drawings
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image16.emf
Requirements Importance Metric Target Verification Accomplished

Maximum capacity **** lbs. 180 MeasurementYes

     Number of bikes **** # of bikes 2 Inspection Yes

     Different bike types **** yes / no yes Inspection Yes

     Bike weight limit **** lbs. 90 MeasurementYes

     Fold up when empty **** yes / no yes Inspection Yes

Retail price **** dollar 500

Analysis / 

Expenses No

First-time installation **** minute 15 MeasurementUnable

Subsequent installations w/o instructions **** minute 5 MeasurementUnable

Design Evaluation
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image23.emf
Design Concept Scoring Concept AConcept BConcept CConcept D

Durability 2 3 2 4

Ease of Operation 4 2 5 5

Economic Cost 1 1 4 4

Manufacturing 1 2 3 5

Aesthetic 3 4 4 4

Total Score 11 12 18 22

Rank 4 3 2 1

Design Concept Scoring

Scoring is based on 1 - 5, with 5 being the highest

and 1 being the lowest score.
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Part Description Manufacturer Part No. Quantity

1Sleeve bushing McMasters-Carr 6658K48 10

2Thrust washer McMasters-Carr 5906K517 10

3Lifting winch McMasters-Carr 9472T31 1

4Pulley wheel McMasters-Carr 3434T118 1

5Cable compression sleeve McMasters-Carr 3755T17 1

6Axle nuts McMasters-Carr 91005A041 8

7Yakima "hold-up" lower rack assembly Yakima 8002443 1

81050 Steel hitch PSU Capstone Team - 1

9

1050 Steel upper super-structure hitch hinge 

bracket PSU Capstone Team - 1

10

1050 Steel lower super-structure hitch hinge 

bracket PSU Capstone Team - 1

113 1/2" Grade 8 steel bolt - - 2

12Bolt nuts - - 2

131050 Steel upper super-structure PSU Capstone Team - 1

141050 Steel lower super-structure PSU Capstone Team - 1

151/4" Galvanized steel braided cable Everbilt 11950 4 ft.

166.5 " 4130 steel axle PSU Capstone Team - 4

171.4" x 12" 4340 steel swing arm PSU Capstone Team - 4

Bill of Materials
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