What is a Function?

As an introduction to the optimization phase of the Six Sigma design process, the first assignment delivered was to write a simple, yet concise, definition explaining a function.  This explanation must also meet one specific requirement, thus being; the definitions and concepts chosen to explain a function can be understood by almost anyone; more specifically a child of four years old  

To start this process, I thought it wise to first reference the work of some of the top experts in this field, and quickly pulled out one of my math textbooks.  It would seem obvious, that a book specifically designed to explain various methods and concepts relating to functions would be a tremendous source of useful information for this task.  Apparently not, as after I opened the book I found the following example and was left more confused then when I had started this assignment.

“We now describe the intuitive idea behind the more elaborate scheme.  We define K1 = Fn to be the slope at the point P.  We define K2 to be the slope at the midpoint M of the line segment of the tangent line PQ.  From  y = yn + Fn (x – xn), we find that M is (xn + ½ h, yn + ½ h K1 ) and thus

K2 = F (xn + ½ h, yn + ½ h K1 ).

The line through P with the slope K2 has equation.

y = yn + K2 (x - xn ),
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and by setting x = xn + ½ h, we obtain a point on this second line, namely (xn + ½ h, yn + ½ h K2 ).  Now defining K3 = F ( xn + ½ h, yn + ½ h K2 ) we consider a third line through P, this one having slope K3. ………………….”    (Rainville, Bedient,& Bedient 1997 )

Why, and how are these books selling? that did absolutely nothing for me and quite possibly most anyone else who does not posses a PhD in Mathematics.  I personally felt it necessary to plug in a little section from my current math textbook as a point of how badly most math based principals and concepts are explained, and appreciate the reasons behind this current assignment.

Lets attempt this one more time, a function is a term used to describe how one or more known inputs will effect the final output.  An input can be considered anything that is needed to make something else happen, and the function is the machine that changes the input into the output, or better yet thing you want to happen.  One example of a function would be a car.  The car, when sitting in the driveway does absolutely nothing at all, but it is considered to be a very important function, because when the correct inputs are added to the car, it helps you to do many things that you could not do with out it.  What does the car function do?  Well a car can take you to many different places of interest, like the store, or a friend’s house.  Does the car do this automatically?  No, the car function requires a certain number of inputs before it will take you anywhere.  One required input would be a driver; someone needs to know how to operate it.  A second important input is gasoline; with out any gasoline, the car will not go anywhere.

How does a car relate to a function?  

A function is usually identified on paper, or in a book as numbers or letters that are set equal to a different number or letter, one common example of a function is Y=F(x). This particular example does not do anything, because we have not identified what we want it to do.  The big Y, is the thing we want to happen, and the little (x) are the things we need to do to the function before the Y will happen.  The big F, just indicates to us that this is a function.

Lets make our function do something, and use the car as explained earlier as an example of how a function works.  Lets say that we are all out of ice-cream, and we want to go to the store to buy some more.  How do we get to the store?  The store is our Y, this is what we want to happen.  The car is our function to get there, and before the car will go to the store we need to have a driver and some gasoline.  

Store = Car with driver + Car with gasoline 

Since we don’t want to say the words “Car with” twice we can pull it out and just say it one time. Now the function might look like this.

Store = Car with (driver + gasoline)


  =    (   +    )
Y=F(x)

A function is just a term that describes how an output, such as the store, is equal to certain inputs, such as a Car with (driver + gasoline).

Fishbone Diagram

The following Fishbone diagram is a tool used to help identify effects and associated causes that contribute to the effects.  The diagram helps to categorize and identify many potential causes of problems and other issues relating to the project. The goal being that the root cause may be identified by an orderly analysis of the categorized potential causes.  A flag indicating a potential root problem for the project and can be determined by noticing one or more problems that appear in more then one major category.

This diagram is termed fishbone because of the way it is constructed.  The main problem is first identified and constitutes the initial backbone of the diagram.  From this stem four or more major categories of potential problems, and from these a further analysis is made that ties several even smaller potential problems the initial problem identified in each major category.  The process repeats it’s self until no further analyses or brainstorming of potential problems can be determined.

The following page contains a fishbone diagram indicating potential problems related to the certification process, and resultant issues that could effect the prospective costs and quality of the final product.  Quality meaning more specifically that the final product meets the needs as specifically requested by the customer. 

Many of the variables associated with this project are fixed.  The oxygen bottles will be purchased and installed by the customers, on individual basis’s relating to personal requirements.  The center of gravity and useful load of the aircraft are a reasonably fixed output.  A shift in bottle location would have to be in the neighborhood of three feet to make any notable difference in the weight and balance and loading specifications for the aircraft.  A change of this magnitude would require a complete concept re-design.  The Pugh Concept Selection gave us a hybrid design from which the installation process will be modeled and it has been agreed on that this particular was the best given the system and installation constraints.  The only current identifiable variables affecting the overall outcome of our product appear to be cooperation and communication between the FAA and us.

Some possible root causes indicated from the Fishbone diagram are as follows:

1. Good Communication on all levels.

2. Organization on all levels.

3. Clear and Specific Documentation.

4. Known and Documented Certifications for all Parts and Materials that will be used in the installation of this system.

5. Stick to Schedule and all Procedures related to certification as indicated.  Deviation could cost a tremendous amount of time, and indicate unprofessional process in the eyes of the FAA.

DPM

(Detailed Process Map)

The Fishbone diagram identified some viable issues that could effect the certification processes, quality and overall project productivity.  By implementing the above listed information, and applying it in the construction of a detailed process we are able to design a high quality product with a minimum cost to our customer.  This map, if used properly, will substantially eliminate wasted time and related costs involved in the certification process of our product. 

The following page contains the Detailed Process Map designed to meet our project requirements using the information as indicated during the Fishbone Diagram section of this report. 

It must be noted that this Detailed Process Map acts more as a detailed flow chart rather then that of a experimental design map. Our project does not contain any design and build operations for the parts or sub-assemblies utilized in this certification process.  All parts and assemblies associated with this project are supplied to each customer by means of outside venders and the customers will choose the specific parts required in the installation process as needed on an individual, and personal basis.  The end requirements of our product relates only to the certification requirements allowing for the installation of these parts and materials.  The primary process variables involved our projects design relate to organizational, documentation, and communication procedures and issues. The Detailed Process Map on the following page was designed with these goals in mind.  Since the success or failure of our product is determined by our ability to communicate and work effectively with the Federal Aviation Administration the flow of these processes are critical in producing a cost effective end product for our customers.

DOE

(Design of Experiment)

From the Fishbone Diagram and Detailed Process Map, we are now able to produce a usable design from which we can relate our projects end user purchase costs.  The intent being to find a function from which we can accurately estimate the final purchase price of our certification document.  Many of the variables are not truly controllable, nor can they be accurately measured or estimated.  The benefit of this Design of Experiment is to estimate the a potential increase or decrease in the purchase price of the product as a function of changes in scheduling or other time sensitive issues associated with the certification process.

DOE Setup Sheet

Problem

	 Costs Involved in Design, Installation, and Certification Process, and Procedures


Objective

	Minimize The Costs Associated with the Issues Mentioned Above.




Specifications (Y’s)

	Name
	Units
	Target
	USL
	LSL
	Current Sigma Level
	MSE Complete
	How Measured

	Design Costs
	$
	250
	300 


	90
	N/A
	N/A
	Best Estimate

	Installation Costs
	$
	300
	480
	180
	N/A
	N/A
	Best Estimate

	Time for Certification
	Months
	12
	24
	10
	N/A
	N/A
	Best Ave. Estimate


DOE Setup Sheet

        (Continued)

Input Output Function - Set-Up Tables

Controllable Factors

	Name
	Units
	Low Level (-1)
	High Level (+1)
	MSE
	How Measured

	Labor
	$S$
               $
	21
	106
	N/A
	Hours

	A.C. Costs
	$
	1
	13
	N/A
	Materials & Hours

	Inst. Labor
	$
	180
	480
	N/A
	Hours

	Parts and Material Costs
	$
	1715
	3500
	N/A
	Price Quotes


Standard Operating Procedures

	Name
	Units
	How Controlled

	Labor

 (R&D)
	hrs
	Remain Organized, Focused

	A.C. Costs
	hrs
	Follow Guidelines in P.O.H

	 Labor

(Installation)
	hrs
	Follow Guidelines indicated in Installation Instructions.

	Organization Documentation
	Ave. hrs.
	Follow DPM - Flow Chart

	Material Costs
	Vendor
	No S.O.P. Customer Generated


Noise Parameters

	Name
	Units
	How Controlled

	FAA Efficiency
	hrs
	Communication & Organziation

	Un-scheduled Maintenance 

(Product - Test Aircraft- Down Time)
	$
	Maintain Aircraft in Accordance with Manufactures Suggested Maintenance Program and Schedule.

	Estimated Flat Rate

(Time Allotted For Install) 

Differs Substantially on Some Airplanes
	$
	Best Estimate.


Updated Economic Analysis and DOE Setup Values

Input Table (Economic Analysis and DOE Setup Values)

	
	LBR (hrs)
	LBRR (per. hr)
	ODC
	TTD (months)
	SP
	QTY
	COGS / Unit

	Most Likely
	140
	25
	$ 658.10
	12
	$ 250.00
	463
	$ 1.12

	Best
	112
	25
	$ 526.48
	10
	$ 300.00
	600
	$ 0.90

	Worst
	280
	25
	$ 1,316.20
	24
	$ 200.00
	100
	$ 2.25

	Mean
	177.33
	25.00
	$ 833.59
	15.33
	$ 250.00
	387.50
	$1.42

	Variance
	1195.36
	0.00
	$ 26,413.49
	8.32
	$ 416.67
	10494.79
	$ 0.08

	Std. Deviation
	90.01
	0.00
	$ 423.10
	7.57
	$ 50.00
	258.30
	$ 0.72


Input Table Information (Economic Analysis and DOE Setup):

1. Total Labor Hours, (LBR)

a. Estimated to be approximately 140 hours, or three and a half weeks (std. 8 hour work week), for all aspects of “six sigma” new product introduction.  This is founded on meeting all tasks of the DPM and cooperation with the FAA during the certification process. (Note: These are only actual workable labor hours and do not include downtime between the different phases of the FAA certification process.

2. Labor Rate, (LBRR)

a. Estimated at $25.00 / hr.  This is just a guess, as my own personal income is less then $20.00 / hr. and the time devoted to this project essentially is time that could have been devoted to my job.  I am not personally charging for this project, as it is a school related project, and will be receiving 50% of all profits when the project is completed and goes to market.

3. Other Direct Costs, (ODC)

a. Cost of Aircraft operation, per hour, (Provided by Eclipse Aviation).  

	Fuel ($2.00/gallon @ 20gal / hr) 
	$20.00

	Maintenance
	

	Labor ($60.00/manhour) 
	$6.00

	Parts, Airframe, Engine, Avionics
	$25.41

	Engine Reserve
	$14.40

	Total DOC for 10 Flight Hours (Estimated Certification Time)
	$658.10


4. Time to Develop, (TTD)

a. Estimated at 10months total time based on information as obtained from the FAA

5. Sales Price, (SP)

a. Pole from owners indicates a sale price of approximately $250.00 each is a reasonable asking price.

6. Cost of Goods Sold, (COGS)
a. Estimated as 
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, where 3700 represent the approximant number of Piper PA46 – XXX series aircraft currently in use.

7. Sales Quantity Per Year, (QTY)

a. Estimated, as one aircraft needs a new system once every eight years. So the number sold per year is 
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3700

 = 463 units per year.

Note: For Calculations

1. Mean = (Most Likely + Best + Worst)/3

2. Variance = ((Worst – Best)2 + (Mean – Best)(Mean – Worst))/18

3. St Deviation = 
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Output Table (Economic Analysis and DOE Setup Values)

	
	DC
	PPU
	PPY
	BE
	PM
	LBR / SP
	ODC / SP

	Most Likely
	$ 4,158.10
	$ 241.01
	$ 11,466.90
	0.04
	6%
	$  30.97
	$  2.63

	Best
	$ 3,326.48
	$ 294.46
	$ 176,973.52
	0.02
	9%
	$  20.65
	$ 1.75

	Worst
	$10,816.20
	$ 91.84
	$  9,183.80
	1.18
	1%
	$  77.42
	$ 6.58

	Mean
	$ 6,100.26
	$ 209.10
	$ 99,208.07
	0.41
	5%
	$  39.23
	$ 3.33

	Variance
	$ 2,389,718.09
	$ 1724.72
	$1,175,145,128.39
	0.06
	0%
	$108.74
	$ 63.39

	Std. Deviation
	$ 4,105.24
	$105.01
	$ 84,563.92
	0.66
	4%
	$  99.55
	$ 8.46


Output Table Calculations:

1. Developmental Cost (DC) = (LBR)(LBRR) + ODC.

2. Profit Per Unit (PPU) = (SP(QTY) – DC)/QTY

3. Profit Per Year (PPY)= PPU(QTY)

4. Break Even Point (BE) = DC/ PPY

5. Profit Margin (PM) = PPU / DC (100)

6. Labor to Sale Price Ratio (LBR / SP) =[(LBR)(60)] / SP 

7. Operating Direct Costs to Sale Price Ratio (ODC / SP) = ODC / SP

Using the information obtained from the Economic Analysis and DOE Setup input and output tables we can construct a function relating overall customer costs of our product.  The function also takes into consideration costs that are customer generated such as parts and material costs.  These have been added as a means to establish an overall installed cost of the product from which general overall cost estimates can be given if requested.

The following two pages contain the Design of Experiments spreadsheet including graphical analyses of the function, and a revised Risk Mitigation Chart for the new values determined from the updated Economic Analysis Information.

Optimize Phase Conclusions

The project is still profitable, and the changes in updated Economic Analysis still indicate a profitable project.  It still remains important to continue to monitor the amount of time required for certification of this product.  The problems relating to ever increasing difficulties in FAA liability signoffs may pose a problem if this gets stretched into a two-year process.  The Economic Analysis showed a minor profit margin after this two-year wait, but anything longer will produce a serious impact on this project.  

My final conclusion is this.  I think it about time that someone introduced the Six Sigma Process to the Federal Government!  
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