Introduction
Pacific Air Switch Corporation (PASCOR) brazes silver strips to copper base parts in order to improve electrical conductivity on high voltage air cutoff switches.  Pictures of the air switches are shown below in Figure 1.

[image: image1.jpg]


                   [image: image2.jpg]





  (a)






(b)
Figure 1: (a) Air switch in open position (b) Air switch in closed position
The silver stripping is received at PASCOR in large spools. The spools are unrolled, and individual strips are cut and formed. Currently the strips are cut to various lengths with a paper cutter (not shown). The copper parts have curved edges therefore requiring the cut strips to be formed to match the curvature of the copper parts prior to brazing.  The forming process is performed with a hand operated device which bends the strips to the required curvature. The silver strip forming tool is shown in Figure 2.
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Figure 2:  (a) Radius forming tool (b) Close up
PASCOR’s current strip forming process is crude and requires manual labor throughout the process. Accordingly, PASCOR has asked for a design and prototype of a fully automated device that cuts and forms the silver strips.
Mission Statement
The Portland State University design team will develop a fully automated device that cuts and forms strips of silver. This device is a specialized one of a kind machine designed for PASCOR to use in the power industry.  A working prototype is to be completed and delivered in June 2006.  The device is required to produce strips quickly and accurately while also being robust and portable.

Latest Project Planning Document
Figure XXX, shows the current Gantt chart. The Gantt chart provides an outline of some deadlines and design goals.
Product Design Specifications (PDS)
Table 1 shows a list of the criteria used to define our design requirements.  The design requirements are arranged in the order of higher priority to lower priority.  The criteria that are not applicable (N/A) to this project are also labeled as such.  In addition some of the criteria are incorporated into other criteria such as: Life in Service and Quality & Reliability are each addressed as a Maintenance criterion; Weight is addressed as an Installation criterion; Applicable Codes and Procedures are addressed as a Safety criterion.  The manufacturing facilities to be used will consist of Portland State University’s machine shop as well as PASCOR’s production facilities.  The Testing and Company Constraints & Procedures criteria are listed in the PDS tables, under the Verification and Target Basis headings respectively.  This product is to be one of a kind, therefore the quantity is one.  Lastly, the Competition Products criteria are addressed in the External Search and the Timeline is laid out in the Project Plan.  
Table 1:  PDS Criteria List & Page Numbers

	Criteria
	Pages

	Performance
	x,x,x

	Environment
	x,x,x

	Life in Service
	x,x,x

	Quantity
	N/A

	Cost of Production per Part (material and labor)
	x,x,x

	Size & Shape
	N/A

	Weight
	x,x,x

	Maintenance
	x,x,x

	Installation
	x,x,x

	Ergonomics
	N/A

	Safety
	x,x,x

	Materials
	N/A

	Manufacturing Facilities
	x,x,x

	Shipping
	N/A

	Packaging
	N/A

	Aesthetics
	N/A

	Quality & Reliability
	x,x,x

	Applicable Codes & Standards
	x,x,x

	Testing
	x,x,x.

	Company Constraints & Procedures
	x,x,x

	Documentation
	N/A

	Legal (Related patents)
	N/A

	Competition Products
	x,x,x 

	Timelines
	x,x,x

	Disposal
	N/A


	High Priority

	PERFORMANCE

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Length Tolerance
	PASCOR
	Length of Strip Tolerance
	inches
	±1/16 inch
	Customer Defined
	Prototyping

	Length Adjustability
	PASCOR
	Variable Strip Lengths
	inches
	2,3,5 & 6.5 inch
	Customer Defined
	Prototyping

	Parts per Time
	PASCOR
	Number of Strips Produced
	strips/minute
	60 strips/minute
	Customer Defined
	Prototyping

	Width Radius
	PASCOR
	Width Radius
	inches
	1/4 inch ±0.01
	Customer Defined
	Prototyping

	
	
	
	
	
	
	

	SAFETY

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Emergency Stop
	PASCOR/Management
	Emergency Shut-off
	N/A
	Large Red Button
	Customer Defined
	Prototyping

	Safety Guard
	PASCOR/Management
	Guard From Moving Parts
	N/A
	Enclosed Components
	Customer Defined
	Prototyping

	
	
	
	
	
	
	

	MAINTENANCE

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Reliability
	PASCOR/Technician
	Time Until Maintenance
	Years
	1 Yr./1e6 cycles
	Group Decision
	Prototyping

	
	
	
	
	
	
	

	INSTALLATION

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Portable
	PASCOR/Operator
	Weight
	Pounds
	50lbs.
	Customer Defined
	Prototyping

	
	
	
	
	
	
	

	Medium Priority

	ENVIRONMENT

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Needs to be Durable and Robust
	PASCOR
	Withstand operation in a harsh workshop environment
	Years
	5 Years
	Customer Defined
	Prototyping

	Needs to be Rust and Corrosion resistant 
	PASCOR
	Withstand operation in a harsh workshop environment
	Years
	5 Years
	Group Decision
	Prototyping

	Withstand Extreme Temperatures
	PASCOR
	Withstand operation in a harsh workshop environment
	Degrees F
	20 to 120
	Group Decision
	Prototyping

	
	
	
	
	
	
	

	MAINTENANCE

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Replaceable Parts
	PASCOR/Technician
	Readily Available Parts
	N/A
	Off Shelf Items
	Group Decision
	Bill of Materials

	
	
	
	
	
	
	

	INSTALLATION

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Power Supply in Work Area
	PASCOR
	Power Source
	Volts and psi
	110 V / 100 psi
	Customer Defined
	Prototyping

	
	
	
	
	
	
	

	COST

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Minimal production cost
	PASCOR
	Cost
	Dollars
	< $5,000.00
	Customer Defined
	Bill of Materials

	Low Priority

	PERFORMANCE

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Length Radius
	PASCOR
	Length Radius
	N/A
	slight
	Customer Defined
	Prototyping

	
	
	
	
	
	
	

	MAINTENANCE

	Requirements
	Primary Customer
	Metrics & Targets
	Metric
	Target
	Target Basis
	Verification

	Serviceability
	PASCOR/Technician
	Easy to Service
	N/A
	Common Tools
	Group Decision
	Prototyping


External Search

The purpose of the external search was to examine possible products that could perform the required tasks of cutting and forming the silver stripping.  The first step was to try to find a machine that could perform both tasks, although the search was unsuccessful.  Therefore, the research was broken up into two separate searches, one to look at machines that could perform cutting processes and the other to look at possible methods of forming.  


The group was able to find several machines that could perform the cutting processes with the speed, accuracy and adjustability required for our final design.  Most of the cutting machines that were examined, were used for cutting softer materials such as ribbon, leather, vinyl, rubber and safety belts to name a few.  Since the project will involve the cutting of a silver-nickel alloy, the focus was on cutting machines that were able to cut similar metals.  Upon further investigation, no schematics of the internal system or explanation of the actual procedures and equipment used to perform the cutting actions was available. Therefore, most of the procedural information was extracted from the internet and pictures.  From the picture, shown in figure X, possible methods for feeding the material into the machine and performing the cutting action were determined. It appeared as though most of the machines used driven rollers to feed the material from a spool into the machine.  In addition it appeared that the machines, showing exposed internal parts, used a shearing action similar to a shear press, to perform the cutting action.
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Figure X: Schematic of strip cutting machine, showing internal workings from Sheffield.com
The second part of the external search consisted of research into possible forming processes.  The search efforts were focused on forming processes using a rolling action and a pressing action.  Examples for both processes were found during the search. Roll forming processes used in industry, such as gutter forming and press forming operations like punching and shaping with dies were researched and considered. 

Internal Search

After the external search the team started brainstorming for solutions to meet the design criteria. The four ideas that came out of the concept brainstorming process were: press forming, roll forming, roll forming with cutting blades on wheels, and explosion forming. 

Press forming consisted of a feeding device, die to form the silver, cutting mechanism and with some form of pneumatic or electrical press. It was considered a straight forward design and that a one piece per second cycle time could be accomplished. 
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Figure X: Picture of press forming concept showing male and female forms.

Roll forming uses the wheels to form the silver as it passes between them. This forming would also have a feeding device and cutting mechanism. This would eliminate the press and therefore have a quicker cycle time. 
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Figure X: Picture of roll forming concept showing male and female rollers.
Roll forming with cutting blades attached to wheels. This type of forming is similar to roll forming in the way that the silver is formed as it passes through the wheels. But the difference is the wheels would have some form of cutting blade or blades built into them that can cut the silver at the correct lengths.
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Figure X: Roll forming with cutting blades attached to wheels.

Explosion forming uses a die and some form of explosives. The die is place into a water tank and the work is placed on top of the die. A vacuum is placed onto the part from the inside of the die and the explosive device is activated. Then the part takes the shape of the die that was used. This idea was eliminated due to the fact that it is primarily used in rapid prototyping or very small production runs.  

Final Design Evaluation

After completion of the external and internal searches, all the possible design concepts were evaluated using intuition, a list of pros and cons, and a decision matrix.  These three methods were used to eliminate and narrow down possibilities for a final design.  

The first step in the evaluation process was to take an initial vote, based on intuition.  Following the initial vote the idea of using explosion forming was eliminated due to the very small production rates and being very impractical.  The next step in the evaluation process was to make a list of pros and cons for the remaining possible designs, as detailed in table [X].  Unfortunately, after the list of pros and cons was evaluated it became apparent that the remaining three possibilities (press forming, roll forming and roll forming with built in cutters) were very close in comparison.  Therefore the use of a decision matrix was needed to help narrow down the possibilities.  

Table [X]: List of Pros & Cons 
	Ideas
	Pro
	Con

	Press-Cut
	One action to cut/form, Few moving parts
	Timing and alignment issues, Limited to cutting methods

	Roll Forming + Cutting (seamless gutter)
	Multiple methods of cutting
	Shape only as accurate as rollers, Timing and alignment issues

	Roll Forming w/Cutter 
	High speed, accuracy, Simplicity, Small size, Few moving parts, No complex PLC
	Separate wheels for lengths, *Difficult to manufacture, Cost of wheels, Alignment issues

	Explosion forming
	Explosions/Cool
	Dangerous, Explosive, Not efficient


The decision matrix used the product design specifications: tolerance, adjustability, radius curvature, parts per time, length curvature, safety, overall complexity, complex parts, number of parts, and cost. Each design specification was weighted based on importance and then scored on a scale of 1 through 5, with 5 being the highest (as shown below). 
Where,

	1-Unsatisfactory

	2-Not Good

	3-Acceptable

	4-Good

	5-Excellent

	


The totals for the decision matrix were determined based on the groups scoring for each design specification for each possible design. The decision matrix, displayed below in Table [x], shows the results for each design choice.

Table [X]: Decision Matrix Showing Criteria and Results.
	Design Specifications
	Weight
	Roll Forming
	Roll Forming w/ Cutter
	Press Forming

	Tolerance
	 
	0.2
	4
	4
	4

	Adjustability
	 
	0.2
	4
	2
	4

	Radius Curvature
	 
	0.1
	4
	4
	4

	Parts/Time
	 
	0.1
	4
	5
	2

	Length Curvature
	 
	0.05
	5
	5
	4

	Safety
	 
	0.05
	3
	3
	3

	Overall Complexity
	 
	0.1
	3
	2
	2

	Maintenance
	 
	 
	 
	 
	 

	Complex Parts
	0.05
	4
	2
	3

	Number of Parts
	0.05
	4
	5
	3

	Cost
	 
	0.1
	3
	3
	3

	Total
	1
	3.8
	3.35
	3.35

	
	
	
	
	


Final Design Selection
Based on the results from the decision matrix, the roll forming appears to be the best choice based on the criteria used. The decision cost was taken to be equal for all three design choices since power requirement for each method are still being tested.  Therefore the final decision has yet to be made and is awaiting results from testing. The testing results will be used for pricing of possible components to be used.
Conclusion

At this point the team has three main design concepts. The options have been narrowed to either press forming, roll forming, or roll forming with cutting operations. The decision matrix stated that the roll forming design was the preferred concept. However, the other concepts should not be thrown out automatically based upon the matrix results. More research into the overall cost and product availability with the final design evaluation in mind needs to be conducted. However, the roll forming design is the leading option at this point.

The next big task for the team is choosing a particular design concept. Once a design is chosen, calculations and data for that specific design will be evaluated in order to determine what parts and equipment is suitable for the project. Initial research and experiments have shown that the product has the ability to meet all of the customer needs. It is believed that the design will exceed the customer needs by having the ability to cut the silver strip lengths well within the 1/16 inch tolerance range and cut variable length silver strips versus the four required lengths. Currently, the team is on track to produce and deliver a prototype to the customer by the June deadline.


From the documentation in this report, a lot of time and work is still required from the capstone team. A final design needs to be chosen, along with specific components of the device. The team has not had to resolve any problems in order to proceed with the project and there have been no compromises regarding concepts, design quality, or funding. The team anticipates delivering a working prototype by the June deadline.
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