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[bookmark: _Toc190062526]Introduction to the Product
PECO Manufacturing, Inc. produces fuel tank access doors for installation on Boeing aircraft.  A completed door consists of a nylon panel with twenty three internally threaded metal inserts pressed into pockets around the perimeter as shown in figure 1. The process of interest is the pressing of inserts into the pockets. The current process is performed by a machine, referred to as Lola, which heats the inserts then sequentially presses one into each pocket.
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Figure 1:  A complete fuel access panel with inserts installed.
[image: ]
Figure 2: A nut retaining insert.


There are three problems with the insertion process:
· The wrong type of insert may be pressed into a panel.
· Installed inserts may not meet pull-out and torque-out requirements.
· Inserts may not be pressed to the correct depth.
[bookmark: _Toc189985476][bookmark: _Toc190062527]Insert type pressed is incorrect.
The opportunity for the wrong type of insert to be pressed into a panel arises since two models of fuel access door are manufactured by PECO.  One model requires stainless steel (SS) inserts; the other model requires aluminum (Al) inserts. Both insert types have identical geometry.  Lola cannot distinguish SS from Al inserts and will press whichever is present. 
There are two paths that lead to the wrong insert being pressed; inserts may be left in the machine between set-ups or the inserts loaded into the machine may be mixed.  To prevent inserts from being left in the machine, a quick and reliable method to remove unused inserts between set-ups is needed. Also, inserts loaded into the machine need to be identified as the proper type before being pressed.
[bookmark: _Toc189985477][bookmark: _Toc190062528]Failing to meet pull-out and torque-out requirements.
Prior to pressing, the inserts are heated.  The heated insert is pressed into the pocket of the panel, which transfers heat to the panel. When heated, the nylon surface becomes more pliable and flows into barb and knurl features on the insert surface. 
If the temperature is too low, the nylon does not flow sufficiently to fill the recesses.  Inserts pressed at a temperature that is too low fail to meet pull-out and torque-out specifications.  Conversely, if the temperature is too high, nylon flows out from around the insert causing undesirable features. Control of insert temperature before pressing is needed to ensure pull-out and torque-out specifications are met. 
[bookmark: _Toc189985478][bookmark: _Toc190062529]Pressing depth is incorrect.
The insert is pressed into the pocket by a ram. A flange around the circumference of the ram limits maximum pressing depth by contacting the panel surface. 
While the flange does limit maximum depth, if too little force is applied the insert will not be pressed to the minimum depth.  Inserts not pressed to the specified depth are difficult to detect.  Also, depth correction is labor intensive and often not possible, causing rejection of the part.  The depth to which inserts are pressed needs to be verified as correct during machine operation.
[bookmark: _Toc190062530]Purpose of this PDS Document
This document is a reference stating the designers’ intentions and customer requirements. The product design will be measured against the stated requirements during development.  Design requirements are prioritized then customers, engineering metrics, targets, and methods of evaluation are identified.  Also, major constraints on the design are indicated and a project plan is presented.  
[bookmark: _Toc190062531]Mission Statement
The PECO capstone design team will redesign Lola to eliminate deficiencies in its current design.  Systems that identify correct insert type, provide consistent and verified insert temperatures, and verify correct pressing depth will be designed, prototyped and installed.  The design will be completely documented by a design report including: analysis, detailed drawings, and a bill of material.  
[bookmark: _Toc190062532]Project Plan
The dates in the following table are goals and deadlines for completion of project milestones. Dates other than due dates are subject to change dependent on project requirements.
	Project Milestones

	Task
	Start Date
	Finish Date
	Due Date

	Initial Brainstorming
	Jan 7
	Jan 14
	

	Research Possible Solutions
	Jan 7
	Jan 28
	

	Initial Design
	Jan 21
	Feb 25
	

	PDS Report
	Jan 23
	Feb 6
	Feb. 6

	PDS Report Presentation
	Feb 6
	Feb 11
	Feb 11

	Design Evaluation
	Feb 11
	March 3
	

	External Search Presentation
	Feb 11
	Feb 18 
	Feb 18

	Design
	Feb 25
	March 24
	

	Progress Report
	Feb 27
	March 12
	March 12

	Progress Report Presentation
	Feb 27
	March 10
	March 10

	Prototype & Test
	March 10
	April 21
	

	Redesign
	March 17
	April 28
	

	Repeat Prototype & Test
	March 31
	April 28
	

	Manufacture
	April 14
	May 5
	

	Assemble/Install/Test
	May 5
	May 30
	



See Appendix A for the calendar. 


[bookmark: _Toc190062533]Identification of Customers
Customers are those who set requirements for the product design. The customers have been classified as either external or internal to the PSU capstone team.
[bookmark: _Toc189985483][bookmark: _Toc190062534]External customers 
External customers are all those who are not affiliated with PSU. The following list identifies external customers and their input on the project.
· PECO Manufacturing, Inc 
· The manufacture of fuel tank access doors must remain profitable.
· David Cifuni, Manufacturing Engineer
· The heating column, if used, must be easily unloaded between set-ups.
· The two insert types must be identified before pressing.
· Insert temperature must be monitored and better controlled.
· An insert at the wrong temperature must not be pressed.
· The depth to which an insert is pressed must be monitored.
· Only one ram should be used for both insert types.
· Bill Fastenow, Maintenance Department Lead
· Parts should be designed for ease of replacement.
· Parts should be durable to reduce maintenance.
· Components should be placed for ease of access.
· Access to other components should not be obstructed. 
· Bob Cowgill, Director of Operations
· The downtime for Lola during retrofitting must not exceed 2 weeks.
· Machine operators
· Lola should be easy to use.
· Lola should require little attention during operation.
· The Boeing Company
· The fuel tank access doors must be made to specifications.
[bookmark: _Toc189985484][bookmark: _Toc190062535]Internal customers
Internal customers are those who are affiliated with the PSU capstone team. The following list identifies internal customers and their input on the project.
· The PSU Capstone Program 
· The capstone team members design, analyze, and verify the final product.

· Dr. Etesami, Mechanical Engineering Capstone Coordinator
· The design process must be methodical.
· Design presentations must be given.
· Design reports must be produced.
· Capstone Team Members
· The final design must demonstrate the team’s technical proficiency.
[bookmark: _Toc190062536]Customer Interview and Feedback Summary
The capstone team met with three representatives from PECO: Director of Operations, Manufacturing Engineer, and Maintenance Department Lead. The capstone team observed Lola in operation with the PECO representatives present to answer questions and detail problems with the current design of Lola. 
[bookmark: _Toc189985486][bookmark: _Toc190062537]Initial interview
The Manufacturing Engineer (ME) described how a fuel access door with an incorrect insert type had been shipped to Boeing, their customer. PECO does not want a similar situation to occur in the future. The two types of inserts, SS and Al, were viewed together and observed to differ in color and mass but not in physical dimensions.
The ME also highlighted experiments performed to test pull-out and torque-out values for inserts. In the experiments, the ME measured the temperature of the insert before pressing with an infrared thermometer. He explained that inserts pressed at a temperature too low fail to meet pull-out and torque-out specifications. Conversely, inserts pressed at too high a temperature caused too much softening of the nylon which resulted in a protrusion of forced out material around the insert.
A panel was presented which had a number of inserts that had been pressed to insufficient depth. Such occurrences are detrimental in terms of wasted material and technician time or worse: a defective panel might be shipped to Boeing.  


[bookmark: _Toc190062538]Product Design Specifications
The criteria used to evaluate the overall worth of the design are listed in the following table with their respective priority ranking of High, Medium, Low or N/A if Not Applicable and the page where they can be found. In the following tables the same criteria are presented by order of priority with further information on each criterion’s main customer, the customer’s requirements, metrics, targets, bases for criteria, and verification method. 

	Product Design Specifications

	Criteria
	Priority
	Page

	Performance
	High
	8


	Quality and Reliability
	High
	8
8

	Life in service
	Medium
	8

	Maintenance
	Medium
	8

	Installation
	Medium
	9

	Safety
	Medium
	9

	Materials
	Medium
	9

	Size and Shape
	Medium
	9

	Applicable codes and standards
	Medium
	9

	Testing
	Medium
	10

	Company constraints and procedures
	Medium
	10

	Documentation
	Medium
	10

	Timelines
	Medium
	10

	Environment
	Low
	10

	Quantity
	Low
	11

	Weight
	Low
	11

	Ergonomics
	Low
	11

	Manufacturing facilities
	Low
	11

	Cost of production per part (material and labor)
	N/A
	11

	Shipping
	N/A
	11

	Packaging
	N/A
	11

	Aesthetics
	N/A
	11

	Legal (Related patents)
	N/A
	11

	Disposal
	N/A
	11

	
	
	

	Legend:
	High Priority
	Medium Priority
	Low Priority
	Not Applicable






	Performance

	Customer
	Requirements
	Metrics
	Targets
	Basis
	Verification

	PECO
	Material Identification
	Improperly Identified Inserts
	1 per 1000
	Group Decision with Customer Input
	Analysis and Testing

	PECO
	Accurate Insert Heating
	Insert Temperature
	810±10°F
	Customer Feedback
	Testing

	PECO
	Reliable Insertion Depth
	Insert Depth Relative to Panel Surface
	Al: .080±.01” SS: .056±.01”
	Customer Feedback
	Testing



	Quality and Reliability

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	High Level of Repeatability
	Improperly Sorted, Heated or Inserted Parts
	1 per 1000 inserts
	Customer Feedback
	Testing


	Life in Service

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Continued Operation for Foreseeable Future
	Expectable Remaining Lifetime
	15 Years
	Customer Feedback
	Parts and Process Analysis



	Maintenance

	Customer
	Requirements
	Metrics
	Targets
	Basis
	Verification

	PECO
	Low Maintenance
	Maintenance Interval
	30 days
	Customer Feedback
	Similar System Comparison

	PECO
	Rapid Column Emptying
	Column Emptying Time
	1 minute
	Customer Feedback
	Testing





	Installation

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Project Team
	Retroffiting Time Budget
	Time to Modify and Test Lola
	1 business week
	Group Decision with Customer Input
	Similar Procedure Comparison



	Safety

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Safe Operation and Maintenance
	Machine Force Available When Powered Down
	0 N
	Group Decision with Customer Input
	Part Selection and Testing



	Materials

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	No Chemical Interactions Between Parts
	Number of Chemically Incompatible Parts
	0 parts
	Group Decision with Customer Input
	Study of Material Properties



	Size and Shape

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Lola Cannot Occupy More Facility Space
	Increase in Lola’s Volume
	1 cubic foot
	Customer Feedback
	Measurement



	Applicable Codes and Standards

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Electrical Wiring Standards
	Incorrect Wirings
	0 wirings
	Safety Standards
	Study of Standards

	OSHA
	Workplace Safety Codes
	Violated Codes
	0 codes
	Legal Necessities
	Study of Regulations





	Testing

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Project Team
	Team Must Perform All Necessary Tests
	Tests That Cannot be Conducted With Current Resources
	0 tests
	Group Decision
	Analysis of Testing Methods



	Company Constraints and Procedures

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO and Boeing
	Minimal Changes to Material Properties
	Alterations in Panel Material Properties
	0 changes
	Customer Feedback
	Study of Methods Changes



	Documentation

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	All Modifications Need Prints
	Undocumented Modifications
	0 missing documents
	Customer Feedback
	Arithmetic


	Timelines

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	ME 492
	Progress Report
	Reports Submitted
	1 report
	Course Requirements
	Grade

	ME 493
	Design Report
	Reports Submitted
	1 report
	Course Requirements
	Grade

	PECO
	Completed Retrofitting
	Lolas Fully Modified
	1 Lola
	Customer Feedback and Course Requirement
	Grade




	Environment

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Lola operates in a low-moisture, clean room
	Contamination of Surroundings
	No Detectable Contamination
	Customer Feedback
	Materials and Processes Histories



	Quantity

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Lola Requires Retrofitting
	Machines to be Retrofitted
	1 Lola
	Customer Feedback
	Not Necessary



	Weight

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	No Additional Support Structure Needed
	Increase in Lola’s Mass
	50 kilograms
	Group Decision with Customer Input
	Measurement



	Ergonomics

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	PECO
	Easy Access to Necessary Machine Areas
	Time to Access Typically Used Areas
	1 minute
	Customer Feedback
	Existing System Comparison and Testing



	Manufacturing Facilities

	Customer
	Requirement
	Metric
	Target
	Basis
	Verification

	Project Team and PECO
	PECO Will Fabricate Specialty Parts
	Material and Personnel Cost for Single Part
	$150
	Group Decision with Customer Input
	Estimation from Material and Process



	Not Applicable

	Criteria
	Reason

	Cost of production per part (material and labor)
	Only one Lola is being modified.

	Shipping
	Lola is a stationary piece of manufacturing equipment.

	Packaging
	Lola does not require packaging at this time.

	Aesthetics
	There are no appearance requirements.

	Legal
	There are no unique legal constraints.

	Disposal
	There are no plans to scrap Lola at the moment.






[bookmark: _Toc190062539]
House of Quality
The highest priority parameters are shown below in the following table with selected engineering criteria that are expected to influence the final performance, both those that can be controlled by the design team and those that are controlled by PECO. 
	Parameter
	Importance
	Customer
	
	Engineering Criteria
	Competition

	
	
	
	Vibration Tolerance
	Power Usage
	 Cycle Time
	Cost
	Geometry
	Materials
	Instrumentation
	Current Design

	Performance
	10
	PECO
	
	
	
	
	
	
	
	

	Insert Identification
	3
	
	****
	**
	***
	*****
	**
	***
	*****
	*

	Insert Heating
	4
	
	**
	*****
	*****
	*****
	***
	*****
	***
	**

	Insert Depth
	3
	
	****
	***
	****
	*****
	**
	***
	*****
	***

	Reliability
	8
	PECO
	****
	****
	****
	****
	*
	***
	*****
	***

	Life in Service
	5
	PECO
	****
	*
	**
	****
	*
	*****
	***
	*****

	Maintenance
	6
	PECO
	
	
	
	
	
	
	
	

	Service Interval
	2
	
	***
	**
	***
	****
	*
	***
	**
	***

	Column Purging
	4
	
	*
	*
	*
	**
	****
	*
	*
	*

	Installation
	6
	Project Team
	**
	**
	*
	*
	****
	**
	*
	N/A

	
	
	
	
	
	
	
	
	
	
	

	Current Design
	
	*****
	***
	****
	***
	*****
	***
	**
	


Legend: Each criteria is given an influence rating relative to each parameter ranging from * meaning little to no known influence to ***** meaning critically influential. 
In the case of the Current Design, * indicates lowest possible performance against the criteria and ***** indicates highest possible performance against the criteria.

[bookmark: _Toc190062540]Conclusion
PECO desires to keep their position as the exclusive supplier of fuel tank access doors to Boeing. To satisfy Boeing, PECO will only supply parts of good quality.  Lola plays an important role in the manufacture of fuel tank access doors.  If Lola does not consistently produce good panels, many will be scrapped for not meeting quality expectations.
Presently, Lola does not perform to an acceptable level of consistency. Too often the inserts are not heated properly, not pressed to sufficient depth or even pressed into the wrong panel. Such failures produce parts that cannot be reworked and thus are scrapped. Additionally, if the failures are not detected before subsequent manufacturing process, resources are wasted on parts that will ultimately be rejected, or worse, delivered to Boeing.
The Capstone Team will improve Lola’s performance by enhancing the machine’s heating system, improving the pressing system to ensure that each insert is pressed to specifications, and implementing a new system to identify insert type before pressing. These improvements must be made within time and monetary limitations without reducing Lola’s expected operational lifetime or significantly increasing maintenance requirements.
By correcting the current deficiencies in Lola, the successful completion of this project will help PECO maintain their valuable relationship with Boeing.












[bookmark: _Toc190062541]Appendix A
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TIME LINE

1/15/2008

Task June

Brainstorm

Research Possible Solutions

   Heating

   Pressing/Stop

   Sorting

Initial Design

PDS Presentation 11th

Design Evaluation

External Search Presentation 18th

Design 

Progress Report Presentation 10th

Prototype & Test

Prototype & Test

Manufacture

Assembly/Installation/Testing

Primary Task Secondary Task One-Time Task

May

LOLA REDESIGN

January February March April
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