Establish a Working Schedule For Project

The following pages contain a working schedule, from which educated decisions can be made during the remainder of the development and certification processes for our product.  This schedule will help us by organizing this relatively large and complicated project into several smaller, obtainable and deliverable steps from which a path to completion can be recognized and visually interpreted.  It will also give us a usable means from which to plan and adjust for any future constraints that arise, critical or otherwise that could potentially affect the scope of our project.

As of now the primary constraint that must be addressed during the creation of this schedule is that of time.  As established during Phase One (Identify), our biggest concern is that of trying to streamline the certification process with the FAA. The number of steps required by the administrator are numerous and reasonably detailed.  The following schedule will take into consideration these steps and design a usable system in which the certification steps as required by the FAA can be organized and integrated, as efficiently as possible, with the steps required during our product’s creation and development phases.

Inserted below is an outline as given by the FAA, illustrating the certification process for a Supplemental Type Certificate.  This information was initially documented in the first written report for Phase 1 (Identification).  However it is very important that we review this information, as it will be a primary source from which our product’s schedule will be created.

The following information is an excerpt from Advisory Circular, (AC), 21-40 “Obtaining A Supplemental Type Certificate, (STC),” dated May 6th 1998

FIGURE 2-1 STC PROCESS

Phase I.   SUBMITTAL AND FAA EVALUATION OF APPLICATION AND DATA

· Applicant submits application

· Applicant submits Certification Plan (as required by FAA)

· FAA establishes project

· FAA reviews and approves Certification Plan

· Applicant submits data

· FAA reviews data

Phase II.  INSPECTION AND TESTING OF COMPONENTS AND SUBASSEMBLIES

· FAA issues individual requests for conformity inspection

· Applicant makes arrangements for inspections and tests.

· FAA conducts / delegates conformity inspections.

· Applicant submits test reports and substantiating data

· FAA evaluates test reports and substantiating data

Phase III.  INSPECTION AND TESTING OF COMPLETE ASSEMBLY AND       INSTALLATION.

· Applicant submits proposed Aircraft Flight Manual Supplement and flight test proposal.

· FAA evaluates proposed Aircraft Flight Manual Supplement and flight test proposal.

· FAA prepares request for Conformity (installation).

· Applicant makes arrangements for installation conformity inspection.

· FAA conducts installation conformity inspection.

· Applicant completes company development flight tests.

· Applicant Submits flight test report.

· FAA evaluates flight test report.

· Applicant makes arrangements for final inspections and tests.

· FAA / applicant conduct final inspections and tests.

· Applicant submits all final data.

· FAA evaluates final data.

Phase IV. ISSUANCE OF THE STC

· FAA prepares Supplemental Type Issuance Report (STIR).

· FAA prepares STC

· STC sent to applicant

· FAA finalizes STIR

· STC sent to FAA archives

· Project closed.

Note: The schedule to follow has only been developed for Phase 2, “Create”, and for the portions of Phase 3, “Optimize”, based on the information given in class, and does not indicate the schedule for the entire project.  This schedule will be updated and or modified through out the remainder of this trimester.  Updates will be supported on continued information and tools related to the Six Sigma Design Process, as instructed in future classes as well as any personal project change requirements.

Phase 1 “Identify”, is not indicated in this schedule, as this tool was not discussed before the completion of that phase.  However future projects incorporating Six Sigma Design will include a schedule for all phases of the product processes. 

It must also be noted that the STC process as required by the FAA is only now beginning, as the information needed for our product’s certification relates to specific design material only.   

Review of QFD 
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Verify Customer Needs Are Understood

The Following information contains the highlights from the QFD section of the first written report.  These tables, charts and graphs have indicated to us specific categories that represent our customers most important needs.  It is absolutely essential to our products success that all specifications, and concepts used in establishing the final design criteria meet these needs.  Due to this high significance of importance the following insertions need to be reviewed and understood before continuing on to any futher stages concerning product design and development.

Visual Interpretation of weighted requirements (From Report 1)
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	Needs

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Reasonable Initial Purchase Price 
	x
	
	
	
	
	
	
	
	
	

	Installation Is Easy and Cost Effective
	
	x
	
	
	
	
	
	
	
	

	System is Easy to Service 

(Reduced Operating & Inspection Costs)
	x
	
	
	
	
	
	
	
	
	

	Safe, Accessible, and Easy to Use
	x
	
	
	
	
	
	
	
	
	

	Will Not Impact Useful Load of Aircraft (Weight Factors)
	
	
	
	
	
	
	
	
	
	x

	Available for Regular Use By Crew (Not Just an Emergency System)
	x
	
	
	
	
	
	
	
	
	

	Installed System is Visually Appealing.
	
	
	
	
	
	
	
	
	
	x

	No Time Life Limits - Requiring Replacement of Parts
	x
	
	
	
	
	
	
	
	
	


QFD Matrix (From Report 1)

	Customer Needs
	Importance To Customer
	Our Theoretical Performance
	Priority
	
	New Product Performance

	
	
	
	
	Competitor Performance
	

	Safe, Accessible, and Easy to Use
	1.0
	5.0
	5.0
	1.0
	 

	System is Easy to Service 

(Reduced Operating & Inspection Costs)
	0.9
	5.0
	4.5
	1.0
	 

	Will Not Impact Useful Load of Aircraft 

(Weight Factors)
	0.8
	5.0
	4.0
	10.0
	 

	Available for Regular Use By Crew 

(Not Just an Emergency System)
	0.7
	5.0
	3.5
	1.0
	 

	Customer Needs

Continued From Previous

Page
	Importance To Customer
	Our Theoretical Performance
	Priority
	Importance To Customer
	New Product Performance
	
	

	No Time Life Limits - Requiring Replacement of Parts
	0.6
	5.0
	3.0
	
	
	
	

	Installation Is Easy and Cost Effective
	0.5
	5.0
	2.5
	2.0
	 

	Reasonable Initial Purchase Price 
	0.3
	5.0
	1.5
	1.0
	 

	Installed System is Visually Appealing
	0.2
	5.0
	1.0
	10.0
	 

	Weighted Overall Performance
	 
	25.0
	 
	14.5
	 


PCS - Product Input Specifications

The following table indicates an initial set of input design specifications that must be met by all future product design concepts.  These specifications have been developed on the basis of our established customer requirements, and these requirements are the factors from which all primary product design specifications will be determined. 

	Customer Requirement
	Quality
	Cost
	Delivery
	Safety
	Morale

	Safe, Accessible, and Easy to Use
	Pressure Cylinder to meet or exceed DOT 3A or 3AA certification
	Not specifically applicable
	O2 Cylinders Currently produced and available or by 8/2003
	O2 in the form of a compressed gas
	Not specifically applicable

	System is Easy to Service

(Reduced Operating & Inspection Costs)
	Individual Bottles can be removed from aircraft in 5 minutes or less – same time frame for re-installation.
	Dependant on Quality Specifications
	Not specifically applicable
	Bottle mounting system easily inspected after re-installation -Verification of bottle security (pre-flight procedures).
	Not specifically applicable

	Will Not Impact Useful Load of Aircraft

(Weight Factors)
	Combined Weights of Bottles should not exceed 12.0 pounds.  Location of Bottles not to effect final moment arm as compared to original C.G. of Aircraft.
	Not specifically applicable
	O2 Cylinders Currently produced or available by 8/2003
	Location of bottles to meet accessibility requirements as indicated in

a previous customer requirement.
	Not specifically applicable

	Customer Requirement
	Quality
	Cost
	Delivery
	Safety
	Morale

	Available for Regular Use By Crew

(Not Just an Emergency System)
	Optional Larger Bottle meeting DOT 3A or 3AA certification.  Minimum of 8 hours continual supply

- Requires better attach methods see FAA Requirements Below
	Not to exceed additional $400 total cost (including Installation)
	O2 Cylinders Currently produced or available by 8/2003
	Located in Accessible area, 
	Not specifically applicable

	No Time Life Limits - Requiring Replacement of Parts
	Bottle Meets DOT 3A or 3AA Specs.  Bottle Never requires replacement, but should be hydrostatically tested to ensure condition.
	$13.00 per year – 3A Bottle

$8.00 per year – 3AA Bottle
	O2 Cylinders Currently produced or available by 8/2003
	Still Requires Hydrostatic Tests To determine bottle safety.  3A – every 3 years.  3AA – every 5 years.
	Not specifically applicable

	Installation Is Easy and Cost Effective
	Installation considered a minor airframe modification – No modifications to primary structure
	Installation of system including any required modifications = 4 man-hours (at $60.00 / hr) or less.
	STC Certified on or before 8/2003

O2 Cylinders Currently produced or available by 8/2003
	Installation of System meet Guidelines of FAA structural requirements.
	Not specifically applicable

	Reasonable Initial Purchase Price 
	No Major modifications to Airframe.  Implement Parts and Hardware already certified by FAA.  -Hardware containing MS, AN, and NAS certification.  Airframe parts used meet Piper –0XXXXXX-XXX part number codes and contain 8130 Tag.
	Combined purchase costs of STC and all required equipment = $2100 or Less. Aviation Liability Insurance  rates remain at same level (or close to).
	Keep as close as possible to Delivery Date. – Schedule updated and modified as needed to help keep on track.
	Not specifically applicable
	Keep positive working attitude with FAA – Keep Insurance agents in Loop with Cert. Procedures and process.

	Installed System is Visually Appealing
	Use existing installation structure that was used for O2 Generators – Modifications for Installation Hide cylinders and or components as necessary
	Installation of system including any required modifications = 4 man-hours (at $60.00 / hr) or less.
	If Modifications required Minor.  Schedule updated and modified as needed to help keep on track
	Location of bottles to meet accessibility requirements as indicated in

a previous customer requirement.
	Not specifically applicable


The table on the next page consists of specification requirements as set forth by the Federal Aviation Administration, and must be strictly adhered to in order to meet all certification criteria for our product.  These specifications are in no way to be deviated from, and govern all aspects pertaining to the airworthiness of our aircraft, test flight operations inclusive.  

	Federal Aviation Administration Requirement
	Specific Requirement or Specification

	Load Factor (Static)

(Normal and Utility Category – FAR 23)
	Sideward = 1.5 – g

Upward = 3.0 – g

Forward = 9.0 – g

Downward =  6.6 – g

(Note: g = unit weight in pounds)

	Load Factor (Ultimate - Landing Configuration)

(Normal and Utility Category – FAR 23)
	Sideward = 1.5 – g

Upward = -3.0 – g

Forward = 9.0 – g

Downward 9.0 – g

	Load Factor (Ultimate– Emergency Landing Configuration)

(Normal and Utility Category – FAR 23)
	Sideward = 2.0 – g

Upward =  - 4.0 – g

Forward = 12.0 – g

	Load Factor (Ultimate - Maneuvering)

(Normal and Utility Category – FAR 23)
	Upward = -5.7 – g

Downward = 9.3 – g

Aft = 1.5 – g

	Load Factor (Gust = 30 FPS  at Critical Maneuvering Speed)

(Normal and Utility Category – FAR 23)
	Sideward = 2.4 – g

Upward = - 4.2 – g

Downward = 9.6 – g

	Load Factor (Ground Operations)

(Normal and Utility Category – FAR 23)
	Forward = 9.6 – g

Downward = 6.0 – g

	All Materials for Installation

(Normal and Utility Category – FAR 23 & 21)
	Conform To AN, NAS, TSO, or MIL SPEC (MS). Or approved under Subpart K FAR part 21 and Issued with Form 8130 (Approved Part Invoice)

	High & Low Pressure Rigid Supply Lines - Aluminum

(Normal and Utility Category – FAR 23)
	Diameter (min) = 5/15”,

Wall Thickness (min) = 0.035”

Flare = Double

	Cylinder Shut Off Valve

(Normal and Utility Category – FAR 23)
	Slow Opening, Oxygen Safe.

	Installed Location

(Normal and Utility Category – FAR 23)
	Free from any area subjected to oil or grease contamination.  Lines to be routed away from any hot ducting, tubing, fittings and equipment installations.  Must be individual dispensing unit for each occupant

	Relief Valve Installation

(Normal and Utility Category – FAR 23)
	Required on Bottle or at central point in system to relieve excessive pressure due to overcharging or temperature changes.

	Gauge

(Normal and Utility Category – FAR 23)
	Pressure gauge required on Bottle  or Located in system to indicate pressure in supply bottle

	Mask

(Normal and Utility Category – FAR 23)
	Type as specifically designed for the particular system

	Pressurized Aircraft Operating above FL 25,000

(Normal and Utility Category – FAR 23)
	10 minute minimum supply at a rate of 2.5 liters per minute, per occupant.


	Federal Aviation Administration Requirement
	Specific Requirement or Specification


	Aircraft Weight and Center of Gravity

(Normal and Utility Category – FAR 23)
	All weight changes and locations of changes accounted for.  Aircraft useful load and C.G. updated and documented in aircrafts permanent records.

	Required Markings and Supplements

(Normal and Utility Category – FAR 23)
	Operating instructions appropriate to type of system installed.  Located in the form of placards or markings in clear view of all required crew, and available to all occupants.  Aircraft equipment list updated including all additional supplements to Aircraft and Pilot Operating Handbooks, and Manuals.

	Continued Airworthiness

(Normal and Utility Category – FAR 23)
	Required supplements to Aircraft maintenance manuals and inspection checklists indicating inspection routines to ensure continued airworthiness of the system.


Using information contained in the tables of the preceding pages, under the main heading “Product Input Specifications”, the following table has been constructed.  This table contains all required initial design specifications as applicable to be used as a reference for initial design concepts.  As noted earlier, the FAA requirements must be adhered to at all times during all design phases associated with this project.

	Component or FAA Requirement
	Specification

	Oxygen Bottle or Bottles to be used in system.
	DOT Specification of 3A, or 3AA – Should come with appropriate hardware including Relief Valve, Gauge, Shut Off Valve, and Regulator.  If not these components must be added to bottle or in central supply system as required under FAR part 23.

	Oxygen Masks
	To be determined by type of system and Installation.  Normally Indicated by bottle or regulator manufacturer.  

	Flow Rate (Emergency Oxygen System)
	10 Minute minimum, with continuous supply to each occupant at 2.5 Liters Per Minute.

	Flow Rate for additional supplemental, system as requested during customer needs analysis. 
	8 hour total bottle capacity at a flow rate of 0.8 Liters Per Minute. 


	Component or FAA Requirement
	Specification

	Aircraft Weight and Balance
	Limit total weight to 
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2 pounds *  Final C.G. must not effect aircraft flight and loading specifications as outlined in Aircraft Operating Manual.

	Maximum time to service (per bottle)
	5 minutes

	Maximum time required to initially convert aircraft’s original system to our product’s system. 
	4 Man-Hours

	Installation load specifications - As required to meet all factors listed under FAR part 23.

(Statically Determined).
	Sideward = 2.4 – g

Upward = 3.0 & -5.7 – g

Forward = 12.0 – g

Downward = 9.6– g

Aft = 1.5 – g

(g = weight in pounds)

	All procedures concerning parts and Installation practices must meet all guidelines as listed in previous table “Federal Aviation Administration Requirements”, and as indicated under FAR part 23.


*  Indicates limited total weight for emergency system only.  If optional supplemental bottle is to be installed, installation must meet general guidelines as outlined under FAR part 23.  Useful load considerations not as important to customer, as additional supplemental oxygen.
PCS – Initial Concepts

From the guidelines as indicated under the main title heading “PCS - Product Input Specifications”, six initial concepts have been roughly sketched.  For clarity and ease of interpretation, these rough sketches have been converted into simple AutoCAD drawings, which represent an exact likeness of these sketches yet easier to read and visualize.  It must also be noted that design modifications in this project are very restricted due to the complexity of certification procedures and correlated cost.  One very important customer requirement, as well as profit requirement is that the aircraft undergo only minor modifications as needed for the installation of our product.  As soon as any major modifications are required the overall costs involved begin to increase exponentially as a function of research, development, liability insurance premiums and increased certification times.  Due to these constraints all concepts must be limited as much as possible to implement the structure and space currently available in the aircraft of which in theory should meet our specification guidelines.  

It should be noted that bottles meeting flow requirements and DOT specifications are currently available in several different sizes of which should meet any foreseen limitations in concept design.  (i.e. The smallest bottle available is half the size of current generator system and will deliver 12 minutes of oxygen at a flow rate of 2.9 LPM)

The next six pages to follow contain the initial concept design drawings.  Each drawing contains concept explanations, including advantages and disadvantages as seen and explained by the designer.  

PCS

“Matrix Tool and Concept Selections”

From the six different concept ideas, as seen in the next several pages, the best concept or a hybrid of two or more concepts can be chosen as a foundation from which we can design our final product.  The Pugh Concept Matrix will help us to determine which concepts meet all the primary guidelines, and how these concepts compare to a known “datum” concept.  The concept chosen as our datum in this tool will be that of our competitor’s product.  The manufactures oxygen generator system is currently the only one that is certified for the Piper Malibu & Mirage series of aircraft and the only one that can be held as a current benchmark from which we can compare our product.  The purpose of our alternative system is to give our customers an oxygen system in which they feel more secure and fulfill several needs that are not available in a generator type of oxygen system. 

During the initial concept development phase, six individuals were asked to develop their own conceptual design of the system using the given specification guidelines that were set forth. It was also asked that these individuals explain in some detail why they chose the concept they did, and if possible to list what could be seen as advantages and disadvantages in their specific concept.  These individual responses have been added to their concept and located under the concept drawing as an aid in better explaining their specific ideas.

The PCS Matrix will by clearly distinguishing these advantages and disadvantages for the different concepts by means of a comparable and quantifiable method.  This in turn will establish a much stronger foundation from which to select a specific concept, and or aid in developing the best design concept as hybrid from two or more of the design concepts given. 

The PCS Matrix tool and it’s results can be seen and analyzed on the page immediately following the next six pages of concept design drawings.

PCS

“Matrix Tool and Concept Selections”

(Continued)

From the Matrix seen on the previous page, the most bullet proof designs appear to be a hybrid concept formed from Drawing Numbers 2&5, or Drawing Numbers 1&3.  Using the Criteria as specified in our specifications sheet, and knowing some financial effects relating to overall costs in modifications, it appears that the most cost effective solution is the hybrid solution formed from Drawing Numbers 2&5.  This solution could slightly increase costs involved in installation since a gauge must be installed in the cockpit combined with required plumbing to be run from the baggage compartment to the crew stations.  It appears however that this increase may not be a substantial cost increase, as the length of these runs are short and accessible.  Removal of the upholstery panels for both Pilot and Co-pilot sides requires less then 15 minutes of work.  The time for actual installation cannot be accurately estimated for plumbing, ports and gauge installation.  A rough estimate is based on previous experience in such practices; the time involved for installation may be increased by about 2 hours.  The benefits however of this hybrid system would be reduced costs associated with inspection and servicing requirements.  Again there is no function that can be easily established at this point to accurately estimate these benefits; however from personal experience servicing one oxygen cylinder instead of 2 or more can quite realistically save approximately 3 to 5 minutes per service, and additional 2 to 6 minutes a year during the required inspection intervals.

The Pugh Concept Selection has given us a very solid hybrid concept to work from, and means from which a reasonably bulletproof idea has been conceived. The optimization phase of, which comes next in our product design process, will help establish better functions from which we can fine-tune this concept into a solid design.

Conclusions

By verifying our customers needs and establishing a set of initial specifications we were able to lay a good foundation from which usable concepts could be developed.  The creation of a good initial set of concepts came from a pool of professional individuals whose personal resources and abilities helped us by creating a usable and solid selection of ideas.  

Through use of the Pugh Concept Matrix these good ideas were further and evaluated and quantified resulting in a virtually bulletproof concept from which the final product’s design could be recognized.

By applying the Pugh Concept design tools, we can feel confident that our final concept is one that meets the needs of both our customers, and our company.
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Emergency Bottle Installation only – 4 Bottles located under Passenger Seat #2, just like original Oxygen Generator Configuration.  Two bottles, 1 each located in Storage cabinet behind pilot and copilot seats.  Masks are located with bottles, and bottles come self-contained with flow regulator and gauges.  Only Modification required is that of cutting a small hole in the top of the storage cabinets for installation, removal and access of pilot and copilot emergency bottles.  Storage Cabinet will meet all load specifications, but it must be placarded that storage in these cabinets is reduced by the weight of the oxygen bottles and associated hardware.  These weights are rather negligible but must be indicated for approval reasons.


Concept Created by Jim Thorpe – Colleague from previous job.  
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One oxygen bottle located under each seat with mask, and all required hardware.  Optional supplemental oxygen bottle located on top of one of the storage cabinets, and secured with appropriate bottle clamps.  Some calculations probably have to be made to verify cabinet will with stand static loads.





Bottles located under seats may require some modifications but would expect to be minor.  Access should be very easy much less then 5 minutes to remove for service.  Benefits of having bottles under each seat would be each passenger, pilot and co-pilot all have their own access in emergency.





Concept created by Don – Colleague at current job
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Installation requires very little modification to any parts.  Passenger emergency oxygen is located under the #2 passenger seat and takes the place of the original oxygen generators.  Both pilot and co-pilot bottles are located in the same place as the removed oxygen generators, requiring little to no modifications.  Access is very easy, and requires less then 2 minutes to remove bottles from retaining clamps (pilot and co-pilot).  Passenger emergency oxygen rests in drawer located under the passenger seat and also have immediate access.





The Optional oxygen cylinder requires some modifications to the storage cabinet, but very little.  The position taken by the optional bottle was that originally of a fire extinguisher.  Calculations must be made based on a load increase if any, and the fire extinguisher must be moved to a location probably under the pilot seat.  Moving of the fire extinguisher is not a problem and considered a negligible modification requiring only a logbook entry.  Benefits – Very little modifications, and meets all requirements of customer and FARs.  





� EMBED AutoCAD.Drawing.14  ���





One large bottle located in either the forward or aft baggage compartments.  This installation will require some slightly larger modifications including running of plumbing and an tank pressure indication gauge located somewhere in the cockpit.  The plumbing must consist of ports supplied to pilot copilot and all four passengers.





Benefits – One simple fully contained system that can act as a emergency or supplemental system for everyone.  Costs of regular maintenance will be reduced slightly with only one bottle to inspect, and three or five year hydrostatic test costs reduced because of one bottle.


Drawbacks - Modifications are required, and time for install is probably going to exceed 4 man-hours.  Useful load probably not effected by much however usable baggage space will be effected.  Aircraft C.G. will be slightly different.





Concept by Clayton Crowe – Mechanical Engineering professor WSU.
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One large bottle located in tail section somewhere behind the cabin area.  Installation on a major structure such as the pressure bulkhead should meet all required load specifications, and area is clean and free of grease and oil.  All occupants could have both emergency or supplemental oxygen and maintenance and removal should be easy through the large access hole in tail section just aft of bottle location on drawing.  Drawbacks of this installation would consist of possibly a more major modification then wanted, and longer then specified installation hours since tubing, a gauge, and outlet ports must be installed.  Also quite possibly a larger then negligible change in aircraft weight and balance.





Concept by Paul C. – Owner, and operator Crown Aviation Maintenance Services and Pilot for Northwest Airlines
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Install four small emergency oxygen bottles under each passenger seat, and one larger oxygen bottle for use by pilot and co-pilot in forward baggage compartment.  The baggage compartment should be designed to handle baggage much heavier then that of an oxygen bottle and required hardware.  Modifications should be reasonably small and not impact any major structure.  Pilot and copilot will then have the ability to have oxygen on demand at all times not just in an emergency which meets the optional requirements of the specifications and the emergency requirements of the FAA.  





Concept by Clayton S. – Current Employer and Owner of Sunquest Avaiton Specialties.
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