Team 4 – CDR
An Improved Coffee Cup

Introduction

The goal of this project is to design a high-end coffee cup that represents a marked improvement over existing products on the market. This process has gone through two distinct phases so far. The first phase was to identify customer requirements and to show that the proposed product was justifiable from a business standpoint. The second phase was to define the specifications and begin design on a product that would meet the goals of that specification. At the end of the last phase we were doing well according to our project scorecard, but there was still room for improvement. 

The goal of the current phase of this project is to optimize the current design so that it meets the input specification requirements and is as robust as possible. In order for us to optimize the product we will have to have an understanding of exactly [image: image5.png]Parts Process | Software |Performance Total
PPM 42,730 63 - 268 43,061
Opportunities 150 223 - 450 823
DPMO 285 0 - 1 52
Sigma 345 500 6.00 486 3.88




what affects the resulting product.
Variables

The first step of this process is to identify the different variables that can affect the product output. Variables can come in three main classifications; Controllable, SOP (Standard Operating Procedure) and Noise. The two sub-classifications of these variables that we are interested in are the Critical Variables and the Variance Inducing Parameters(VIP). These two sub-classifications have the most control over the results of our product. If we can understand them then we can control them. To identify these variables we looked at the results we wanted to achieve and brainstormed about the things that could possibly affect the outcome.  

	Variable
	Category
	Input/Output
	Classification

	Abuse
	Man
	Input
	Noise

	Customer Acceptance
	Man
	Input
	Noise

	Employee Hours
	Measurement
	Input
	Controllable

	Insulation Amount
	Measurement
	Input
	Controllable

	Insulation Type
	Materials
	Input
	Controllable

	Market Competition
	Man
	Input
	Noise

	Part Availability
	Materials
	Input
	Controllable

	Part Quality
	Machine
	Input
	Standard Operating Procedure

	Part Tolerances
	Measurement
	Input
	Controllable

	Type of Liquid
	Mother Nature
	Input
	Noise

	Weather Resistance
	Mother Nature
	Input
	Controllable


Now that we have a list of variables and we’ve classified them into the main categories, we need to decide exactly which ones are the critical variables, which are the VIP’s, which have little or no effect on the outcome of the product. Our potential function looks like this:
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C : Employee Hours

D : Insulation Amount

E : Insulation Type

H : Part Tolerances

A : Abuse

B : Market Competition

F : Part Availability

G : Part Quality

I : Type of Liquid

J : Weather Resistance

Z : Heat Retention

Y : Time to Clean

X : Dishwasher Safe

W : Microwave Safe

V : Fit in Car Cupholder


Design of Experiments (DOE)

To better understand the product we are creating, we performed several tests using the DOE tool from the ENPI website. One of the tests that we ran was to determine exactly which of our variables affected the product output with regard to the length of time a liquid would stay hot or cold in the cup. 
	
	Controllable Factors

	Factor
	Name
	Units
	Low Level (-)
	High Level (+)

	A
	Insulation
	cm^3
	0
	50

	B
	Part Tolerances
	mm
	0
	1

	C
	Insulation Rating
	R-Value
	0
	13

	D
	Sealed
	Y/N
	0
	1


We selected four variables that we suspected would have a large amount of influence of the ability of the cup to retain a given temperature. Insulation Volume and insulation R-Value seemed obvious ones that would have a large amount of influence over the resultant product. Sealed was another obvious one, if the cup is sealed it seemed logical that it would retain a given temperature longer. Part tolerances seemed to be another obvious one. If the tolerances are really loose it would stand to reason that this would generate more gaps in the integrity of the cup leading to heat loss. 
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After running the series of experiments, what we discovered that the variable that most affected the temperature retention of the cup was whether or not the cup is sealed. The next two were the amount of insulation and the type of insulation, and the one that affected the heat retention the least was the part tolerances. This was actually good news, because this meant that we didn’t need to be extremely restrictive on the variation of the parts in order to get a good product. This indicates that we can produce the cup for less because we won’t need to be extremely strict about the variation of the parts, so it will be easier to find a manufacturer capable of meeting our specifications for the price we want.

Another benefit of going through this process is that when we were done we could use the tool to find several different ways that values could be assigned to the different variables be able to hit the Input Specifications that we have documented previously. Once we were done we quickly found several values that would work, but one of the questions that was raised after we realized that there was more than one combination that could get the job done for us is determining exactly which combination of variables would be the best, allowing us to get the most done for the least amount of money.
VarTran – Product Optimization Tool

Now that we had gone through and gained a greater understanding of how using different values for the variable would affect the product outcome and are even able to predict outcomes for values that we did not test explicitly, we needed to identify exactly what combination of values for the given variables would give us a product that was as robust and inexpensive as possible. VarTran is a tool that is designed to do just that. It can identify using statistical predictions exactly what variables are falling outside of specifications and it can also optimize those variables to find the most robust values. Doing this by hand would take an inordinate amount of time, even once the functions that describe exactly how a product works are fully developed and understood. This product allows us to input the variables we want to analyze, and quickly and easily identify problems before a product is released or without doing costly testing using thousands of models. Using this tool we were able to input the results of our Heat Retention DOE and get optimized values as a result. 
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C : Insulation Type

A : Insulation Volume

B : Tolerance

D : Sealed

O : Minutes of Heat Retention


The most difficult part of this process was developing the function used to do the prediction. The function was embedded in the Excel tool and was not easy to extract into VarTran. We deconstructed the functions in Excel and attempted to use them in VarTran, but the results did not seem to match the values we received in the Excel spreadsheet. 

Final Product Design/Diagram

Our Final product design is a customizable coffee cup. The cup would consist of an insulated liner that would fit into an external shell. The external shell could come in a variety of different types, designs and colors. The liner consists of an insulating material that is both microwave and dishwasher safe and an external plastic shell to protect the liner. The outer shell could be any material that the customer prefers, from a stainless steel material to a clear plastic design that would allow the consumer to display photographs of friends and family or other personalized design. The cup could be sold as a pre-assembled unit that would be indistinguishable from a standard single-piece coffee cup or as part of a “Design-It-Yourself” kit that would give them several different choices. Some of the external sleeves could even have an embedded thermometer to indicate the internal temperature of the cup. Since the liner itself is completely sealable, then the liner itself could be used independently of the external sleeve. 
Scorecard

At the beginning of this part of the product introduction process we had a scorecard with an overall rating of 3.88 Sigma. After optimizing the part that we would be using in this product we were able to bring both the rating of the parts themselves up, as well as the performance of the product. This brought the overall rating of the product up to a 5.11 Sigma rating. 
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Business Justification
This product has now been through an extensive and proven process, Design for Six Sigma. Using this process we have discovered exactly what customers are looking for, developed measurements that we could use to evaluate the product against customer requirements, and then designed and optimized a product that falls well within the input specifications. We have achieved a Six Sigma rating of 5.11 which, after applying a phase adjustment to estimate the long term rating, gives us a long term Six Sigma rating of 6.61. This meets and exceeds the requirements of the Design for Six Sigma process. 
	Total Labor Hours
	1200

	Labor Rate
	$25/Hour

	Other Direct Costs
	$270,000

	Total Development Costs
	300,000

	Sales Price
	$30

	Cost of Goods Sold (COGS)
	$12.50

	Incremental Sales Quantity per Year
	50,000

	Profit Per Unit
	$17.50

	Profit Per Year
	$875,000

	Break Even Point (Months)
	4


Originally we estimated that this process of product introduction would take $250,000, now we are estimating that this will actually be a total cost of $300,000. This is offset by a huge advantage however, because we were able to lower our estimated COGS value by $2.50 per unit, for a total profit per year of $875,000, which is $125,000 more than originally estimated.
Recommendations

We feel confident that we have designed a robust product that will excel in the consumer marketplace and bring in a good profit for our organization. Since this product is so flexible, we feel that its lifecycle can be extended beyond our original estimates by releasing inexpensive upgrades to the existing product line. The two biggest risks we face in the current market is the possibility that our competitors have saturated the market, and that a lack of branding may make consumers distrustful of our product. Both of these risks can be mitigated by marketing the differentiating features of our product. Another marketing feature we have thought of is including a product pamphlet inside the cup with different customizations that are available for purchase from our company’s website. It is our recommendation that this product be put into production.
+/∆ - Optimize Phase
	+’s
	∆’s

	Optimize Phase can bring about reduction in costs
	Risk Matrix still didn’t work in the Computer Labs

	Improves the Six Sigma Score (And we know why it happens!)
	Had a hard time moving from the Excel DOE to the VarTran tool

	Helps keep product schedule on time without increasing the number of hours worked on the project.
	

	Tool readily identify critical and VIP variables
	

	Tools greatly helped us understand how our product works
	

	We feel confident that we have designed a good product.
	











