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Abstract 
The objective of this project was to design a coffee maker to be marketed to Japanese consumers. It was determined that the new design should incorporate details that would appeal to the Japanese consumer market; i.e., the product should be compact and have a small countertop footprint, it should be energy efficient, it should be aesthetically pleasing, and it should reflect the current technological trend to full automation. Several concepts addressing each aim were developed and contrasted. Making the product more compact involved eliminating the need for a water reservoir and a coffee filter holder. This was accomplished by designing a carafe with a moveable membrane that functioned both as a water reservoir and a coffee pot and incorporating the design for a French press into the coffee maker. To make the product more energy efficient, the design concept of placing the heating element and coffee grinds closer together and cycling water through was created. To make the product aesthetically pleasing to Japanese consumers, a design making the coffee maker in the shape of an elephant was created. Each of these designs incorporated full automation to meet the last aim. Through research and development, it was determined that making the product compact was the most important aim; thus a final design incorporating a carafe with a moveable membrane that functioned both as a water reservoir and a coffee pot was decided upon.
1.0 Introduction
1.1 Background Information and Task Description
In this project, our team acted as the product design and engineering department of a company that specializes in small electrical projects to be marketed directly to consumers. The board of directors of the company had discovered a potential market for a newly-designed coffee maker in Japan. Our team was assigned to redesign and create a concept for a new coffee maker that would appeal to the Japanese consumer market. Along with this objective, further parameters were placed; the coffee maker would need to have a small countertop footprint, it could be no more than 18 inches high, and it would need to produce the same amount of coffee as a conventional drip coffee maker.
1.2 Brief Overview of Project Management
In designing a new coffee pot, our team needed to analyze the needs of the typical Japanese consumer, research possible ideas to aid in concept generation, brainstorm and draw out concept possibilities, and select a combination of design ideas to incorporate into a final product. To do so, our team worked together to research the needs of Japanese consumers using the internet. A few key needs were selected to focus on, and one was assigned to each member of the team to generate initial design solutions. To generate the initial concepts, each team member completed five sketches of designs that would work toward his or her assigned aim. Quadrille graph paper and drafting kits were used to complete the sketches.
1.3 Initial Problem Statement
Our team’s task was to analyze the current offerings in the Japanese market and design a coffee pot that would better meet the needs of the targeted population in comparison to the current design.

1.4 Description of Project Report
This report gives an introduction to the redesign problem that was assigned to our team; summarizes the analysis of Japanese consumer needs through listing, weighing, and ranking the importance of each need; summarizes the background research undertaken to address the consumer needs, including information gathering and product dissection; and depicts the process of concept generation and selection.
2.0 Customer Needs Assessment
2.1 Weighting of Customer Needs
In designing a product, determining which features will appeal most to a consumer market is a valuable step. Addressing needs that are placed high on the hierarchy will result in a more successful product that is more likely to meet the wants of the consumers who will be buying it. To analyze and rank customer needs, the Analytical Hierarchy Process (AHP) is used to determine the relative importance of a concept in relation to the other concepts.
Table 1. Initial Customer Needs List Obtained from Focus Group and Individual Interviews
	Compact/small countertop footprint

High energy efficiency

Yields same amount of coffee as conventional drip coffee maker

No more than 18 inches high
Aesthetically pleasing/cute

Fully automated


Table 2. Hierarchical Customer Needs List

	1. Compact/small countertop footprint
     1.1 No more than 18 inches high

2. High energy efficiency

3. Aesthetically pleasing/cute

4. Yields the same amount of coffee as a conventional drip coffee

     maker

5. Fully automated


Figure 1. AHP Pairwise Comparison Chart to Determine Weighting for Main Objective Categories
	
	Compact
	Energy Efficient
	Cute
	Same Yield
	Automated
	Row Total
	Weighting

	Compact
	1.00
	3.00
	7.00
	5.00
	4.00
	20.0
	.462

	Energy Efficient
	.333
	1.00
	4.00
	3.00
	2.00
	10.3
	.238

	Cute
	.143
	.250
	1.00
	.333
	.500
	2.23
	.052

	Same Yield
	.200
	.333
	3.00
	1.00
	2.00
	6.53
	.151

	Automated
	.250
	.500
	2.00
	.500
	1.00
	4.25
	.098











  Total: 43.31
Table 3. Weighted Hierarchical Customer Needs List
	1. Compact/small countertop footprint (.462)

     1.1 No more than 18 inches high

2. High energy efficiency (.238)

3. Same yield as a conventional drip coffee maker (.151) 

4. Fully automated (.098)

5. Aesthetically pleasing/cute (.052)


3.0 Revised Problem Statement
Our team’s task is to engineer a coffee maker that is compact (has a small countertop footprint and is no more than 18 inches high), energy efficient, has a high coffee yield, is fully automated, and is aesthetically pleasing/cute to appeal to Japanese consumers.

4.0 External Search
Our team used the internet and first-hand accounts of Japan to conduct background research and come up with new design plans.

4.1 Information Search and Gathering
The internet was used to research current coffee maker designs and determine the features for a newly designed coffee maker that would appeal most to the Japanese consumer market. Also, one of our team members had visited Japan and offered suggestions for successful designs.
4.2 Product Dissection
Two different coffee makers were dissected to explore current designs and note specific design features that would be good to imitate or improve upon. The first model to be dissected was a Durabrand CM4113D coffee maker. Specific figures and design features related to this coffee maker can be found in Tables 4 and 5, respectively, below. Team observations about the features listed in Table 5 can be found in Table 6 (see p.5).
Table 4. Durabrand CM4113D Dimensions and Figures
	12 cup capacity

Dimensions of housing (body+base): 9.37” wide, 7.85” deep, 11.85” tall

Dimensions of carafe: 6” in diameter, 5” tall


Table 5. Design Features of Durabrand CM4113D
	1. 12 cup capacity

2. Built-in filter
3. Burner plate on the bottom
4. Glass carafe with plastic flip lid
5. Spring-loaded plug for coffee container that allows coffee flow to stop once carafe is removed
6. Heating element heats both hot plate and water
7. Hot plate has rubber gasket seal to prevent leakage into the heating element
8. Water level gauge shows how much water has been poured into the reservoir


Table 6. Observations about Product Features

	Packaging (including information insert)
	The box has a nice picture on it of the product and highlights some of the product’s attributes



	Aesthetics (multi-color, etc.)
	Simple white color goes with any kitchen décor, though it stains easily



	Cleaning (maker and pot)
	The carafe would be easily cleaned, but the drip mechanism where the coffee drips into the carafe would be harder to clean



	Switch locations
	Conveniently located at the front and center of the machine



	Switch functions
	Easy to operate; has 2 settings (on and off)



	Ease to fill with water
	Has a large reservoir opening to allow for fast filling of water



	Ease to fill and clean coffee grounds
	Built-in filter allows for less waste, though it requires more cleaning. The filter and filter/coffee holder are removable for easy cleaning.



	Coffee Pot & Handle (Ergonomics)
	Easy to hold—coffee pot has a metal ring along the bottom that connects to the bottom of the handle for increased stability (instead of trying to connect the plastic to a ridge in the glass). Handle is wide and curved so that it fits into your hand better.



	Quality
	Fairly good quality; carafe is made out of class and hard plastic; the coffee maker body is made out of hard plastic. The plastic is stainable and can be broken (there is a crack along the side), but the cheaper material keeps the cost of the product down.



	Safety
	Safe product; heating element is hidden from users, LED in the switch shows when coffee maker is on and hot, handle is made of plastic so that it doesn’t conduct heat, anti-drip feature prevents hot coffee from dripping onto hot plate or user when carafe is removed during brewing.



	Environmental friendliness
	Not specifically noted for environmental friendliness or energy efficiency; product uses a lot of plastic



	Other features
	Has anti-drip feature




The second coffee maker was a Rival PIL-HC08104. Dissecting this coffee maker involved determining energy efficiency and doing a closer analysis of the separates parts of the product. A summary of the energy efficiency calculations and part analysis can be found in Tables 7 and 8, respectively, below.
Table 7. Energy Efficiency Calculations

	Power Calculation:

Initial Temperature, Ti (before filtration)    23 ºC

Final Temperature, Tf (after filtration)    75 ºC

Time to Filter, tf  Start: 4:52 pm, End: 5:02 pm

Power (coffee pot box), Pb 120.0 volts

Power (watt meter), Pw 120.6 volts

Timed Temperature Recording:

Time (3 minutes)    70 ºC

Time (6 minutes)    74 ºC

Time (9 minutes)    75 ºC

Time (12 minutes)  75 ºC

Time (15 minutes)  75 ºC

Energy Efficiency:

Qout = 2.4 kg x 4200J/kg·ºC  x (75ºC - 23ºC) = 524,160 J

Win = 834Watt x 15 mins x (60s/min) = 750,600 J

η = 524,160 J / 750,600 J * 100% = 69.83%



Table 8. Rival PIL-HC08104 Part Analysis

	Part#
	Part Name
	Function

	Mass

(lbs)
	Material
	Manuf. Process
	Dimensions (in)

	  1
	Water tank lid


	To open the tank
	0.066
	Plastic
	Molded
	6.5 wide x 3.5 deep x 0.5 tall

	  2
	Water tank


	To hold the water
	N/A
	Plastic
	Molded
	8.0 tall x 5.5 wide x 4.0 deep

	  3
	Housing


	To hold and heat the water, aesthetics
	N/A
	Plastic
	Molded
	12.0 tall x 9.0 deep x 6.5 deep

	  4
	Filter basket
	To hold the filter
	0.166
	Plastic
	Molded
	5.5 diameter, 2.75 tall

	  5
	Drip stop valve
	To stop brewed coffee from leaving the filter when the carafe is not there
	N/A
	Plastic and metal
	Molded and drawn
	1 diameter, 0.25 tall

	  6
	Carafe
	To hold the brewed coffee
	0.716
	Glass
	Molded
	6.0 diameter x 5.75 tall

	  7
	Carafe lid
	To cover the carafe opening
	0.048
	Plastic
	Molded
	4.75 diameter

	  8
	Switch
	To turn the coffee maker on or off
	N/A
	Plastic
	Molded
	0.75 diameter

	  9
	Shower head
	To drip water from the reservoir into the carafe
	N/A
	Plastic
	Molded
	5.5 diameter

	  10
	Warming plate
	To keep brewed coffee warm
	N/A
	Ceramic,metal​
	Molded
	4.5 diameter


4.3 Design Target
From doing background research and dissecting the two coffee makers, it was determined that a successful coffee maker would need to be small and compact, be energy efficient, produce a high yield of coffee, and be aesthetically pleasing as well as fully automated. From the product dissection, it was determined that the carafe could function both as a reservoir and as a coffee pot to eliminate the need for a water reservoir, which took up the majority of space on the coffee maker. To make the product more energy efficient, it was decided that the heating element and coffee grounds should be placed closer together to reduce the distance that the water would have to travel, requiring less heat to keep the water warm.
5.0 Concept Generation
5.1 Problem Clarification
Figure 2. Black Box Model of Coffee Maker Design Problem
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5.2 Concept Generation
Table 9. Morphological Chart Showing Concept Ideas
	Means
	Function

	
	Small Size/Compact, Same Yield
	Energy Efficient
	Aesthetically Pleasing/Cute

	1
	Double-functioning carafe (Fig. 3)
	Compact placement of heating element 1 (Fig. 8)
	Elephant shape (Fig. 11)

	2
	Grounds in handle (Fig. 4)
	Compact placement of heating element 2 (Fig. 9)
	Teapot shape (Fig. 12)

	3
	French Press design 1 (Fig. 5)
	Compact wrap-around heating element (Fig. 10)
	

	4
	French Press with heater (Fig. 6)
	
	

	5
	Thin design 1 (Fig. 7)
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6.0 Concept Selection
Discuss and provide the Pugh Charts (refer to pages 186-191 of course text) that were used to decide which combination of concepts from the morphological chart best met the design team’s customer needs. This design concept becomes the final design that is developed further.
References
Discuss and provide the Pugh Charts
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Figure 3. Double Functioning Carafe





Figure 4. Design with Coffee Grounds in Carafe Handle





Figure 5. Filtering Press Membrane Design








Figure 7. Thin, Short Coffee Maker Design





Figure 6. French Press with Water Heater








Figure 10. Compact, Wrap-Around Heating Element








Figure 9. Manual, Compact Coffee Maker Design








Figure 11. Elephant Coffee Maker Design








Figure 12. Teapot-Shaped Coffee Maker








Figure 8. Compact Placement of Heating Element and Coffee Grinds
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