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Executive Summary:
Yakima Products, Inc. is a company that designs and sells rack systems.  The Top-of-Car Load Assist is a project proposed by Yakima to the Mechanical Engineering department at Portland State University.  The purpose of the project is to design a manually operated device that shall help a person lift a kayak (or two kayaks) from waist height and securely place it on top of a vehicle.  
Yakima had previously designed a lift assist system but it has not brought to production due to some constrains, mainly cost.  Design constraints and specifications were provided by Yakima’s design team to help narrow down the constraints that influence the design aspects.  A detailed design, cost analysis, performance analysis and a final product prototype will be provided by the capstone team to the sponsor (Yakima) by June 2012.  
The Top-of-car Load Assist capstone team has progressed from the research stage and completed a PDS (Product Design Specification) report, internal search, external search, concept design and top level final design evaluation and selection.  A final design concept has been selected that includes a horizontal slider attached to the roof rails to move the mechanism pivot point to an optimal location for the user.  The main sliders and constant force springs have also been selected based on load calculations, cost and weight.
The current design the capstone team came up with should solve all the issues and constraints that the previous Yakima design had.  This new design will provide load assist for two kayaks totaling 100lbs. and cost less than $200 to manufacture.  The capstone team currently is in the infant stages of prototyping.
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[bookmark: _Toc319157747]Introduction:
A product Yakima has not brought to production is a system that will assist the end user to load kayaks on top of a vehicle. Yakima had previously designed a system but the estimated market price for the system was too much, so they wanted to design a new system that would be efficient yet affordable. This is where they made the load assist system into a capstone project for the Portland State University students.
Yakima’s previous attempt at a load assist system had an estimated retail price of $2000, which was too expensive for the market.  The system can hold up to 100 pounds of load capacity of boats, bikes, or cargo boxes. All the loading is done on the side of the car as shown in Figure 1.
[image: https://lh3.googleusercontent.com/nyGGoojIRI8K6LrFi6kSotXFzlLmcywyAqndIw23QYcOroWEzP_22pkb4zb5PGqjWdiowbEb9g2J91QxB7Imh7Q-3M0oV4jfz1LItBNTNBkNh-aM0ug]
Figure 1: Yakima’s previous “Lowdown” load assist design




[bookmark: _Toc319157748]Mission Statement:
The top of car load assist capstone team will design and manufacture a prototype mechanism that will provide 60 pounds of assistance in loading kayaks onto the top of a car.  The system must be intuitive to use and have no pinch points or safety hazards.  A 45 year old 5’ 2” woman should be able to operate the lift assist without extreme physical exertion.  When the final prototype enters production it must have a retail value of less than 1000 dollars.  
Project Plan:
To make sure the project and product is delivered on time, a project plan was generated, shown in Figure 2, to keep a timeline of assignments and ensure that they are finished at the appropriate time. The finish date is an approximated time for when the task should be done. The majority of the time after the meeting with Yakima is spent on testing and the detail design. Much time is needed for testing because the aesthetics and ergonomics of the design cannot be modified or finished until testing begins. Dr. Evan Thomas (capstone advisor) is also notified of milestones that are met as well as weekly progress.
[image: ]
Figure 2: Gantt chart of milestones.
[bookmark: _Toc319157749]Product Design Specification Summary:
The Product Design Specification (PDS) is a document that defines the customer requirements, lays out a project plan, sets milestones, discusses risk management and creates a design specification list.  The main criteria from the PDS are listed below (For more detailed criteria see Appendix A).

· Target Persona: An average 45 year old 5’2” woman who paddles a sea kayak and drives a Subaru Outback.
· Ergonomic design allows user to easily load boat on top of vehicle.
· No sharp edges, corners, or pinch points.
· Product must have no mechanical or structural failures for five years of moderate use.
· The load assist must pass Yakima’s internal standards: horizontal pull at 4 times the rated carrier load and the vertical pull at 2500 N.
· Target assist of a total of 60lb.
· Target retail price of < $1000.
· Completion of final design must be done by June of 2012.
[bookmark: _Toc319157750]External Search:
The purpose of the external search is to examine competing products and identify the existing technologies that would be directly related to the design. The technologies that will be used to successfully satisfy the requirements of the PDS will be the primary focus of the external search. 
	The number of competing products on the market is very limited to a couple of direct competitors.  Malone has a system that is fairly "low-tech" as it is a simple ratchet system and doesn’t actually provide any "load assist".  The Malone system shown in Figure 3 was part of our external research as it is a kayak loader that is currently available on the market. The main competitor to Yakima's proposed top of car load assist is undoubtedly the Thule Hullavator.  The Hullavator shown in Figure 4 is a hydraulically assisted kayak loader that uses a scissor and pivot motion to assist the user in loading one kayak from the side of the vehicle onto the roof of the vehicle.

[image: ]                            [image: ]
           Figure 3: Malone kayak loader                                                      Figure 4: Thule Hullavator kayak load assist

The external search for the technologies we had available to use began in the most basic form of how to move a load/object from point A to point B.  Various methods researched included pulley lever systems, scissor lift motions, pins/rails, bearings, linkages and mechanical sliders.  The group settled on mechanical sliders to be the main weight bearing component due to the strength, weight and cost of the component.  Once the group had decided that a mechanical slider would be used in the lift assist mechanism, a cost of material and extension vs. load rating analysis needed to be performed. Aluminum mechanical sliders held acceptable load ratings and excellent overall weight, but the price per unit would not satisfy the PDS requirement of low cost.  Mechanical sliders made from steel turned out to be the best option for the load assist based on load rating and cost.  The added weight of using steel components to aluminum was not favorable but still within acceptable limits for the project.
Further research on how to provide the load lift assist resulted in using either gas shocks or constant force springs paired with dampers.  Both the constant force springs paired with dampers and the gas shocks provided the load assist required as well as similar benefits when comparing cost per load assist.  Gas shocks would work excellent for the application as they would provide load assist and damping in the same unit.  Gas shocks unfortunately are difficult to store in the system as space is limited when the system is fully collapsed in the stored load state.  Constant force springs provided the benefits of low cost, low maintenance, storability and adequate load assistance.
[bookmark: _Toc319157751]Internal Search:
The capstone team went through the process of brainstorming to generate ideas and concepts to successfully fulfill the PDS requirements set forth by the customer.  The main PDS criteria that lead the brainstorming phase was usability, low-cost, amount of load assist and the industry standards shown in Appendix B.
	The usability of the load assist system is defined as the ease of use by the end user; the system must feel natural while operating. The system must also be designed in a way such that the amount of possible pinch points is eliminated completely or reduced to a minimum.
	The cost of each component was taken into consideration during the brainstorming phase with the goal of utilizing as many existing Yakima products as possible.  The mechanical slides were evaluated for cost per extension length as these would be the most expensive component in the system.  The constant force springs were relatively low in cost and did not impact the design much.
	The scope of the project was slightly modified in the 11th hour after a progress report meeting with our industry sponsors.  Yakima had suggested a minor design modification to allow for two kayaks to be loaded rather than just one.  As a result of this, the group had to re-evaluate the load assist method.  Constant force springs were still the primary choice after listing the pros and cons against a gas shock. The constant force springs were found to supply sufficient load assist for the new requirement along with reduced maintenance, lower cost and better storage capability.
[bookmark: _Toc319157752]Top-Level final design evaluation and selection:
	The Initial brainstorming yielded four concepts, three of which were seriously considered in the design process. The first concept consisted of a rotational linkage mechanism which was not feasible because the complexity added cost.  The second concept consisted of a 40 inch mechanical slider that would rotate about a fixed pivot point, see Figure 5 below.  The load assist would be connected to one end of the fixed base and the far end of the sliding arm. This design was eventually ruled out because the location of the pivot point makes it too difficult for the user to unload the mechanism as they would need to pull approximately 30 pounds at a very awkward position relative to their body.
[image: ]Fixed Pivot Point

Figure 5: Concept one with one set of mechanical sliders and a fixed pivot.
The third concept was much more user friendly to load as it has a horizontal loading platform for kayaks; this design may be used for multiple bikes as well. The mechanism consisted of a mechanical slider connected to the horizontal loading platform via slots and rails, see Figure 6. In order to accomplish a load assist with this design the load assist would need to be connected to the fixed base slider and the tip of the horizontal loading platform. The major flaw in the third design concept is the fact that a boat would apply force beyond industry standards to the roof of the car and would not be an acceptable loading mechanism. 
[image: ]Fixed Pivot Point
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Figure 6: Concept two with horizontal platform.
The final concept is a modified version of concept two. It is comprised of two sliding arms, one 16 inch, and one 30 inch. The 16 inch slider acts as a base and moves the rotation point in order to dramatically increase the ease of use of the mechanism, see Figure 7. The 16 inch slider attaches to the 30 inch slider ten inches from the telescoping end. The mechanism operates by the user pulling handles located at the end of the 30 inch slider which in turn causes the 16 inch base slider to extend and lock into place after it reaches its full extension. The user then continues to pull the 30 inch slider loading constant force springs located at the opposite end of the 30 inch slider and connected to the inner most telescoping arm via a steel cable. This design is optimized for loading kayaks since they are stored on top of the car rotated 90 degrees. This allows the kayak to be loaded onto a nearly horizontal platform. This design is a step above the competitor’s designs because it allows two boats to be loaded from one side of the car.
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Figure 7: Final top level concept with two J-cradles.

The team considers load assist, cost, weight, safety, ease of use, and manufacturability to be important qualities of the T.O.C. load assist design. These concepts are graded on a numerical scale with one being the lowest and ten being the highest. The decision matrix of the T.O.C. top-level design is shown in Table 1. The design team selected the two arm extension concept based on the total values it received in the design evaluation matrix. Ease of use is the most important factor used in the design of the prototype because it is very closely related to the overall design of the mechanism and would be very difficult for Yakima to improve without making major design changes to the prototype. All other design criteria is important, however Yakima can make improvements to these relatively easily.
Table 1: Concept design evaluation matrix. All concepts were rated for load assist, cost, weight, safety ease of use and manufacturability.
	
	Load Assist-5
	Cost-2
	Weight-4
	Safety-4
	Ease of Use-10
	Manufacturability-5
	Total

	Concept one
	1
	1
	4
	3
	2
	2
	13

	Concept two
	4
	2
	4
	4
	1
	4
	19

	Concept three
	1
	1
	1
	1
	10
	1
	15

	Concept four
	4
	2
	2
	3
	7
	3
	21


[bookmark: _Toc319157753]Progress on Detailed Design:
Summary - The objective of this analysis is to determine which method of load assist to use.  The load assist is specified to be 60 lbs. total.  Table 2 shows the pros and cons of the two options, gas shocks and constant force springs.
Table 2: Decision table comparing properties of load assist methods
	
	force
	extension
	envelope
	attachment
	damping

	Shocks
	****
	**
	*
	*
	****

	Springs
	**
	****
	***
	****
	*



Force – When considering the lift assist force that each method could provide, the gas shocks far out performed the constant force springs; however if two of the springs were installed in parallel they could provide the lift assist force desired.
Extension – The constant force springs won out in the extension category because they could provide more extension than is needed; the gas shocks, however, had a 30 inch extension and would be very expensive.
Envelope – An issue that was encountered in the preliminary drawings was the length of the 30 inch extension gas shocks; when in the stowed position the length would be slightly longer than 30 inches.  The constant force springs are very compact in the stowed position and so they ranked higher.
Attachment – The means and location of attaching the load assist to the mechanical slider was an issue because when the mechanism is stowed the attachment points must be on opposite sides of the slider.  The constant force springs will be attached with a solid connection on one end and a cable on the other, whereas the gas shock needs two solid connections and would thus interfere with the sliding mechanism.
Damping – Gas shocks are a very attractive option because they have an integrated damper, so if the user accidentally releases the mechanism it will not slam closed.  Constant force springs do not have an integrated damper, so an additional rotational damper must be added to each side of the mechanical slider.
Decision – The team decided to choose the constant force spring with a damper added because it will be easier to attach, it will provide the load assist that is needed, and it will provide the extension needed.
[bookmark: _Toc319157754]Conclusion:
The major accomplishments that have been met are: Internal and external research, PDS report, final concept design, stress analysis on parts and a progress meeting with the engineers at Yakima. When the external research was done, the group concluded that the only close competitor would be the Thule Hullavator. Since it is hydraulically assisted, it is user friendly as it comes down. The Yakima load assist has the advantage that it will have the capability of loading two kayaks when the Hullavator is only capable of loading one. Mechanical sliders were also found to be the most effective mechanical part for the purpose of bringing an object from point A to point B. A conclusion was made that constant force springs are easier to store as well as lower cost and maintenance.
When the PDS report was produced, the importance of various requirements was ranked to determine what components can be neglected. The look of the final product is not as important as much as how it works. Another important aspect that was taken into account as the final concept design was finished was eliminating potential pinch points within the system.
A challenge that was overcome from the concept design was the difficulty of providing the load assist in a usable fashion while keeping it ergonomic and cost effective. Because a J-cradle will be used for storing the kayaks on the load assist, the kayaks will be loaded almost horizontally. A problem the product will face is where to place the cables for locking and unlocking the 16 inch mechanical slider. Recommendations that were made by the engineers at Yakima were to only focus on loading two kayaks rather than one large sea kayak. The reason for this is because the way the concept design is headed, it has the potential to be extremely competitive in its market. 
[bookmark: _Toc319157755]Major tasks that are to be completed are: Detail design, testing and prototyping, redesign/modification for improvement, retesting and manufacturing of final prototype. For the detailed design, the load assist team will make refinements in the parts of the product and do finite element analysis on existing parts to ensure that they will not fail during testing. Information will be collected so that usability can improve. With the information gathered, modifications will be made to the detailed design so that continuous problems are properly addressed.
Appendix 1: Detailed PDS Criteria
In this appendix, the detailed Product Design Specification is provided.  These are the detailed specifications provided by the customer and turned into a table format by category.   The requirements are divided into six sections including customer, requirement, metric, target, basis and verification.  These six sections outline the entire requirement from who it is intended to satisfy, what is required, how it will be fulfilled, what the target is, the basis of the requirement and how the group would verify that the requirement has been implemented into the design.

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Adhere to fatigue standards: YS2015, ISO 11154, and DIN 75-302
	Cycle Test
	100% Design load, 30k cycles 
	Standard Definition
	Testing

	Yakima
	Adhere to Durability/Road Loop standard YS2014
	Durability/Road loop test
	100% Design Load
	Standard Definition
	Testing

	Yakima
	Adhere to Pull Tests standard: YS2015 
	Pull tests
	Pass Yakima standard pull test (refer to appendix)
	Standard Definition
	Testing

	Yakima
	Work Place safety codes
	Number of codes to be violated
	Zero
	Safety and legal standards
	Review of the safety and legal standards

	Yakima
	Adhere to Pull Tests standard: ISO 11154
	Pull tests
	Pass 4x Max load FWD and AFT load @ CG
	ISO 11154
	Testing

	Yakima
	Adhere to Pull Tests standard: ISO 11154
	Pull tests
	Pass 4x Max load 20 degree horizontal force @ CG
	ISO 11154
	Testing

	Yakima
	Adhere to Pull Tests standard: ISO 11154
	Pull tests
	Pass 2x max load LAT load @ CG
	ISO 11154
	Testing

	Yakima
	Adhere to Pull Tests standard: ISO 11154
	Pull tests
	Pass 4x max load (up) load @ GC
	ISO 11154
	Testing

	Yakima
	Mount shall meet performance standards 
	NA
	Meet all standard criteria
	ISO 11154,  YS2015, and DIN 75-302
	Standard Definitions



Ergonomics

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Low loading effort
	Lbs. of lift assist
	60 lbs. 
	Customer Requirement
	Measurement

	Yakima
	Comfortable handles or levers
	Handles and levers
	All 
	Physical testing
	Customer verification


Documentation
	
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PSU
	PDS Report
	Completed Report
	January 30, 2012
	Course requirements
	Good Grade

	PSU
	Progress Report
	Completed Report
	March 12, 2012
	Course requirements
	Good Grade

	PSU
	Final Design Report
	Completed Report
	June, 2012
	Course requirements
	Good Grade


Life in Service

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Product should have no mechanical or structural failures for 5 years of moderate use
	Product life cycle
	Theoretical life cycle of 5 years. 
	Yakima warranty standards
	Testing 


Disposal

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Use only recyclable plastics
	Plastic recyclability 
	100% recyclable
	Yakima recyclability standard
	Customer definition and or standards


Maintenance

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Non-water soluble lubricant on moving metal parts
	Lubricant type
	Use only non-water soluble lubricant
	Chemical composition and lubricant manufacturer specs
	Test Lubricant for non-water solubility 

	Yakima
	Plastic parts to be cleaned with soft cloth and mild detergent
	Plastic type
	Use only plastics that can be cleaned with cloth and mild detergent
	Customer definition
	Test plastic for cleaning


Performance
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Ease of use
	Loading time
	Load and lock bike or boat in less than 5 minutes
	Customer definition and physical test
	Testing

	Yakima
	Low reach distance
	Distance from ground to loading rack
	36 inches from ground to rack in loading position
	Height of 2011 Subaru Outback(64 inches)
	Testing

	Yakima
	Should be easily fitted  to standard rack systems
	Modular design
	No removal of base rack system
	Customer definition
	Testing

	Yakima
	No rattling when loaded or unloaded
	Noise or chatter during loading and unloading process
	No audible sound to loader
	Customer defined
	Testing



Safety

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	No sharp edges/corners
	Number of sharp corners or edges
	Zero
	Customer Requirement
	Inspection

	Yakima
	No pinch points
	Number of pinch points
	Zero
	Customer Requirement
	Inspection


Timeline

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PSU
	PDS Report
	Completed Report
	January 30, 2012
	Course requirements
	Good Grade

	PSU
	Progress Report
	Completed Report
	March 12, 2012
	Course requirements
	Good Grade

	PSU
	Final Design Report
	Completed Report
	June, 2012
	Course requirements
	Good Grade

	Yakima
	Final Product
	Timely Completion
	June 1, 2012
	Customer
	Customer is Satisfied


Company Constraints and Procedures
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Keep product inherently safe
	N/A
	Consider pinch points and potential user “misuse”.
	Yakima Requirement
	Inspection



Cost of production per part
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Low retail price
	Dollars
	$1000 maximum
	Customer feedback
	Study of price in market




Environment
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Operates in a harsh wet environment
	Years of Resistance to rust and corrosion
	5 years 
	Group decision
	Study of standards



Manufacturing facilities
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Project team and Yakima
	Yakima provides facilities needed
	Use of Yakima’s  Facilities
	No need to use other facilities
	Customer input
	Similar system comparison



Shipping
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Fit in not too large shipping container
	Cubic inches
	10” X 24” X 36”
	Expert opinion
	Study of standards



Materials
	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Yakima
	Product components
	Yes/no
	Typical Yakima materials
	Yakima requirement
	Inspection

	Yakima
	Aesthetics
	Yes/no
	Looks sturdy &
professional
	Customer input
	Inspection
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[bookmark: _Toc319157756]Appendix B: Yakima Test Standards
In this appendix, you will find the industry along with Yakima internal standards for testing and performance.  The ISO and DIN standards are industry standards that Yakima must abide by for this market.  The YS is an internal Yakima standard that is derived from the industry standards.  Yakima internal standards are set in a way such that they meet or exceed the ISO and DIN standards.
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TOC Rack

Yakima Standard Load
1SO Type
1SO Standard Load

DIN Type
DIN Standard Load

TestLoad Test Force
Test Name Test Reference _ Test Desci Factor Factor  TestForceN  Test Force

Yakima Standard Test YS 2015

General Tests

Functional Evaluation Product must satisfy criteria, contain all components, and assemble properly and according to instructions
Industry Standards Review of Industry and Market specific Standards

Packaging Testing YS2035 See YS2035 for complete description

Theft Security Testing ‘Imin no tools theft attempt, three seperate attempts, mounted on car.

Static Tests

Lifting Force Bar Front 1S0 11154 2500N; 10 min hold 100% 2500 562
Lifting Force Bar Rear 1S0 11154 1500N; 10 min hold 100% 1500 3372
Downward Pull TOC 3gxLoad @ CG 100% 3 294 xloadinkg 3.0xloadin lb
Forward 1S0 11154 4g x Ioad; <10mm at 51 and <50mm at FI 100% 408 400xloadinkg 4.1 xloadin b
Forward 20° 1S0 11154 4g x Ioad; <10mm at 51 and <50mm at FI 100% 408 400xloadinkg 4.1 xloadin b
Lateral Rack 29 x load @ CG; 10min hold; <10mm 100% 2 19.6xloadinkg 20 xload in Ib
Dynanic Tests

Road Loop YS2014 60 Miles Dirt/Paved 150%

High Cycle Fatigue YS2032 30,000 Cycles two directions 100%

Life Cycle Testing 20,000 simulated miles 100%

City Crash ADAC 129 deceleration, 20ms ramp time, 50ms pulse __100% 129

Belgium Blocks 1S0 11154 Annex F 2000m @15,25,30kph 150%

Moving Safety Test 83 3x 80kph Stop. 150%

Material Performance Standards

Impact Test Y5 2010 Plastic or painted components tested at 77 and -20°F from 20cm

Corrosion ASTMB117-97 _ Full Assy must withstand 00h with visual rating of 7 or better per ASTM D610.

Components must withstand 240h with a visual rating of 7 or better
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TestLoad Test Force

Test Name Test Reference _Test Des Factor Factor __ TestForce N Test Force Ibf

Corrosion 150 11154 1S0 6227 192hr

UV Resistance ASTM G154-00  Individual Components must withstand 500h with a visual rating of 4 or better per ISO 105-A02
UNV A Bulbs Cycle A per ASTM D4329-99

Ozone GM4486P Section 4.2, 72 hours, 100 pphm

Material DIN Tests 1S0 11154 Plastic Parts 250n weathering DIN EN 4892-2 (Followed by Charpy Impact Bending Test EN 1O 179-1, -20% on
Rubber Parts DIN 53 509 Part 1, 48 h ozone 50<5pphm.

Thermal Cycle YS2012 60°C to-29C with 95%RH, per cycle 100% Load

Decal/Brand Adhesion Branding shall be consistent with company font / style. Decal sample shall be adhered to product,

placed in the salt spray chamber for 96h, placed in the UV chamber for 96h, and placed in the freezer
for 96h. Adhesion shall not be compormised. Decal shall meet Weather per UV Resistance Test

Paint Adhesion ASTM D3359-95A 4B or beter per astm D3359-95A
Paint Film Hardness ASTM D3363-92A _HB Hardness or higher
Chemical Resistance ¥52013 No Change is functional performance or appearance
Environmental Confromance
PAH Test ZEK 01-08 Category 2, Materials with foreseeable contact for longer than 30 seconds
<1mg/kg Benzopyrene, <20 mg/kg Sum of 16 PAH
RoHS Directive 2002/95/E No Lead, Mercury, Cadmium, Hexavalent Chromium, Polybrominated biphenyls, Polybrrominated diphenyl ether
REACH Regulation (EC) No No SVHC from the candidate list above the 0.1% wiw threshold per individual components.
Category Specific Tests
Shapes, Labeling, Instructions
Overhead and External Shapes IS0 11154 Recommends stay within Roof Panel. Not to exceed width of vehicle ISO 612 Clause 6.2
Extemal Radius shall conform to 6.16.2 and 6.16.3 of EEC Directive 74.483
Instructions for Use 1SO 11154 Section 6 and Annex |_and DIN 75-302 Section 7
Marking Date Code, Manufacturer name:

|Additional International Test Standards

1SO 11154

Lifting Force Bar Front 10 min hold 100% 2500 562
Lifting Force Bar Rear 10 min hold 100% 1500 3372
Forward 40x load 100% 408 40.0xloadinkg 4.1xload inlb
Forward 20° 40x load 100% 408 40.0xloadinkg 4.1xload inlb

City Crash 89 deceleration 100% 8g
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TestLoad Test Force

Test Name Test Reference Factor Factor _ TestForceN _Test Force
Belgium Blocks 2000m @15,25,30kph 150%

Corrosion 1S0 9227 192hr

Material Plastic Parts 250h weathering ISO 4892-2 (-10% Impact andor tensile)

Rubber parts 48 h ozone 50:5pphm.

Overhead and External Shapes.

Recommends stay within Roof Panel. Not to exceed width of vehicle ISO 612 Clause 6.2.
Extemal Radius shall conform to 6.16.2 and 6.16.3 of EEC Directive 74.483

Instructions for Use

Section 6 and Annex |

Marking Section 7: Name of Company, Model Number, Maximum Load, Reference ensuring traceabilty,

1SO coding, Attachment position if necessary
DIN 75-302
Lifting Force Bar 10 min hold 100% 2500 562
Forward 40x load 100% 408 400xloadinkg 4.1 xloadinlb
Forward 20° 40x load 100% 408 400xloadinkg 4.1 xloadinlb
Load Shifting Safety Bracking 3x B0kph 72% 1.6m 150%
Resistance to Jolting 1000m Cobbled surface @25kph 150%

Corrosion DIN 50 021-SS. Test Durafion 3x 24hrs. Release Torque for bolts no more than 150% fightening torque
Chipping Paint DIN 53 151 Test on points prone to corrosion, not to exceed 15% of total area, (GT2 Value)
Material Plastic Parls 250h weathering DIN 53 387 (Followed by Impact Bending Test DIN 53453, -20% on Impact)

Rubber Parts DIN 53 509 Part 1, 48 h ozone 50+5pphm.

Cold Resistance of Plastic Parts

Drop tests from 1m at -20°C on Concrete floor
Aternatively, 1000g drop hammer from 500mm

Heat Resistance of Plastic Components.

Plastic Parts shall be loaded with test wieght (1.5x mN) for test duration of 6 hours at +60°C

Overhead and External Shapes.

Comply with StVZO Section 30 and 32 para. 3
Minimum radius of 2.5mm, If beyond Tangent, then 5mm min. Bolts and screws trimmed flush.
Minimum bar beyond tower. Wind deflectors, avoidable, but allowed if fuel savings observable:

Instructions for Use

Section 7

Marking

Section 4: Manufacturer's Name, Type, Permisible Loading, Maximum speed for Wind Deflectors

Installation Tools

Meets state of art in engineering

TUV Specific Test for GS Mark in Europe

PAH Test ZEK 01-08

Category 2, Materials with foreseeable contact for longer than 30 seconds
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