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Introduction 
In the world of high-end Recreation Vehicles (RVs) it is common to find expensive and complicated flooring systems.  Aries Engineering specializes in making radiant floor heating systems specifically for RVs which are placed below conventional ceramic or granite floor tiles.  The tiles are set in an adhesive, Uniflex 916 by C-Cure, which is specifically formulated for the RV industry.  Below the adhesive is a fabric mesh which holds electric resistance heating wires in place.  The heating system lies on top of an oriented strand board base.  Additionally this system could be applied to remove floor tiles without radiant floor heating systems underneath.  

It is common to need to replace the tile for various reasons such as a tool falling on the tile during initial installation, damage to the tile by the RV owner, or stress to the tile due to flexing of the chassis while driving.  The process can take from an hour to an hour and a half.  Removal of the tile and adhesive is typically involves using hammers, torches, crowbars and scrapers.  The tile is heated with the torch (Figure 1), broken with the hammer, pulled up with a crowbar and then the adhesive is scraped away.  This process is time consuming and hazardous because an open flame is used in a confined space.  Additionally the amount of heat delivered by the torch is difficult to control.  When hit with a hammer the tile often shatters, creating sharp flying debris.  Scraping the adhesive frequently damages the wires in the radiant floor system, and when the wires are damaged (Figure 2) additional time must be taken to repair the system prior to reinstalling a new tile.  


This document outlines a plan to come up with a system to remove tiles that is safer and more cost effective than the system currently in place.  
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Figure 1. Photo of current removal process using torch to heat tile.
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Figure 2. Photo of tile sections that have been removed. Wires and tile have heat damage.

Mission Statement

Our team will develop a system to remove tiles and adhesive for the RV industry.  It is known that the adhesive used for setting tiles looses strength when it is heated, therefore a thermal component will be a key part of the design.  The system will consist of a set of procedures that are easy to learn and implement.  We will also develop specialized tools such as heating pads, heated scrapers and any other tools helpful to the removal of tiles.  

Internal customers for this system are Aries Engineering and the Portland State University Capstone Program.    External customers are RV manufacturers, repair centers, tile technicians who do the actual work of replacing the tile, Underwriters Laboratories, the Canadian Standards Association and RV owners.

The project is to be completed by June 6, 2008.  Aries Engineering would like to see a prototype as soon as possible to satisfy RV manufacturers that have been requesting a tile removal system.

The key performance criteria to this system are time, precision and safety.  The time it takes to remove a tile and adhesive needs to be reduced to save money and increase efficiency.  The current method employs an open flame in a confined area causing a danger of burns and fire and a widely varying temperature in the tile.  Breaking of the tile creates a lot of flying debris, our goal is to reduce possible harm to the R.V. and damage to resistance heating wires from these techniques.  Furthermore the adhesive is difficult to scrape it is easy to slip and damage or cut one of the wires.  It is important to increase the precision of the process and reduce the damage to the wire or any other component.  

Project Plan 

Many of the milestone dates for the Aries Engineering tile removal system design are subject to change as the final deadline approaches. A Gantt chart provided in appendix 1-1 and will be considered a living document and to be updated as the project progresses. Critical milestones are as follows:

· Complete PDS

· Internal and External Search

· Spring Term Progress Report

· Complete Design

· Prototype Design

· Re-design As Needed

· Complete Final Report

· Release Design to Customer

Identification of Customers

The primary users of the scraper will be the RV manufacturers and repair centers that use and service Aries’ technology.  They are the primary external customers.  Before the scraper is sent out to the RV factories, it must be approved by Ken Millard, our contact at Aries.  This project must also satisfy certain requirements for Portland State University’s capstone program.  Accordingly, we have identified Ken Millard as our primary internal customer, and the Portland State University Capstone Program as the secondary internal customer.


Secondary external customers to consider are the tile technicians, Underwriters Laboratories, the Canadian Standards Association and RV owners.
Customer Feedback and interviews

The genesis of this project resulted from feedback from RV manufacturers to Aries Engineering.  The current process of removing tiles is time consuming, and occurs with a high frequency. This prompted Mr. Millard to plan on designing an improved system to remove the tiles, and enlisted the help of students at PSU to create this system as a senior design project.  He requires a system of tile extraction that is relatively quick, easy to use, and safe to both people and property.  A tour of Aries’ shop and a demonstration of the method of tile removal currently in use further clarified the goals of this project.
Product Design Specifications
High Priority

	Criterion 
	Speed of tile removal

	Requirement 
	Reduce time taken to remove tile

	Primary Customer 
	RV Manufacturers

	Metrics & Targets 
	Metric 
	Target 

	Reduce time 
	Time in Minutes
	30 

	Target Basis 
	Current tile removal time 

	Verification Method 
	Timed tile removal 


	Criterion 
	 Safety

	Requirement 
	Prevent harm to tile technician and RV components

	Primary Customer 
	Tile technician

	Metrics & Targets 
	Metric
	Target 

	Flying chips during removal process 
	Number of chips released 
	0 

	Temperature of handling surfaces 
	Degrees Fahrenheit
	Max 100

	Remove open flame from process
	Carbon Monoxide emissions
	0

	Target Basis 
	Improved safety over current system

	Verification Method 
	Temperature measurement, Visual confirmation of chips released, and removal of open flam from heating process 


Medium Priority

	Criterion 
	Cost of research and development

	Requirement 
	Stay within budget

	Primary Customer 
	Aries Engineering

	Metrics & Targets 
	Metric 
	Target 

	Budget given by Ken Millard 
	$ 
	1000 

	Target Basis 
	Resources as decided by Millard 

	Verification Method 
	Expense Sheet 


	Criterion 
	Cost of individual tile removing system

	Requirement 
	Stay within budget

	Primary Customer 
	Aries Engineering

	Metrics & Targets 
	Metric 
	Target 

	Budget given by Ken Millard
	$ 
	400 

	Target Basis 
	Resources as decided by Millard

	Verification Method 
	Total cost of all parts required in system 


	Criterion 
	Electrical requirements of system

	Requirement 
	Compatible with RV electrical system  

	Primary Customer 
	RV Manufacturers

	Metrics & Targets 
	Metric 
	Target 

	Do not exceed amperage supplied by RV 
	Amps 
	Max 10 

	Target Basis 
	Specified by Aries 

	Verification Method 
	Measurement 


	Criterion 
	Ergonomics 

	Requirement 
	Comfortable to use 

	Primary Customer 
	Tile Technician

	Metrics & Targets 
	Metric 
	Target 

	Handle diameter 
	inches 
	1-2 

	Force applied
	pounds
	15

	Target Basis 
	Ease of use 

	Verification Method 
	Measurement 


Low Priority
	Criterion 
	Shipping Size

	Requirement 
	Fit in standard shipping container 

	Primary Customer 
	Aries Engineering

	Metrics & Targets 
	Metric 
	Target 

	Simple Packaging 
	Cubic inches 
	18”x18”x12” 

	Target Basis 
	Common shipping box sizes

	Verification Method 
	Measurement 


PDS Check Sheet
	Criteria
	Pages

	Performance
	2, 4, 6, 7

	Environment
	4

	Quantity
	10

	Cost of production per part (material and labor)    
	7

	Size and Shape
	7, 10

	Installation
	1, 4

	Ergonomics
	7

	Safety
	2, 4, 6

	Materials
	2, 4, 6, 7

	Manufacturing Facilities
	4

	Shipping
	8

	Packaging
	8

	Aesthetics
	10

	Applicable codes and Standards
	5, 10

	Testing
	6, 7

	Documentation
	5

	Timelines
	5, 11


Conclusions

A system to remove tiles safely and completely from R.V.’s will be developed.  The recent change in type of mortar used from cement like, rigid mortar to a flexible adhesive, Uniflex 916 by C-Cure, has caused the removal of tiles to take more time.  Our goal is to reduce the time taken to remove the tile to 30 minutes. The mortar becomes easier to remove it is heated. Currently they are using a torch to heat these tiles, which is a possible fire hazard.  Given that the RVs that use radiant floor heating cost on average $500,000 there needs to be no damage to the RV and the end customer, the R.V. owner, must be satisfied with the results.
Appendix
1-1
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24 Winter Quarter Mon 1/7/08 | Mon 3/31/08 e

25 Group meeting to discuss PDS with customer Sun 1/13/08 | Sun 1/13/08 » 113

26 External Search Mon 1/7/08 | Wed 2/6/08

27 Internal Search Mon 1/7/08 | Wed 2/6/08

28 PDS Report Mon 1/7/08 Wed 2/6/08

29 Prepare PDS Presentation Fri 2/1/08 | Mon 2/11/08

30 PDS presentation Mon 2/11/08 | Mon 2/11/08

31 Prepare Internal/External Search Presentation Fri 2/15/08 | Mon 2/25/08

32 Internal/External Search Presentation Mon 2/25/08 | Mon 2/25/08

33 Prepare End of Term Progress Presentation Fri 2/29/08 | Mon 3/10/08

34 End of Term Progress Presentation Mon 3/10/08 | Mon 3/10/08

35 End of Term Progress Report Mon 2/25/08 | Thu 3/13/08

36 Design Tile Removal System Wed 2/6/08 | Mon 3/31/08

37 | Spring Quarter Mon 3/31/08 Fri 6/6/08

38 Final Report Mon 3/31/08 Fri 6/6/08

39 First Prototypes Mon 3/31/08 | Thu 5/15/08

40 Build First Prototypes Mon 3/31/08 | Wed 4/30/08

41 Test First Prototypes Thu 5/1/08 | Thu 5/15/08

42 Present First Prototype to Customer Thu 5/8/08 Thu 5/8/08 + 58

43 Redesign as Needed Wed 5/7/08 | Wed 5/28/08 P—

44 Adjust Design as Needed Wed 5/7/08 | Wed 5/21/08 B

45 Maodify Prototype / Build New Wed 5/14/08 | Wed 5/28/08 B

46 Release Design To Customer Fri 6/6/08 Fri 6/6/08 # 6/6
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