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ABSTRACT

Seventy-five percent of Americans drink coffee ylathaking coffee makers some of the most
used appliances in everyday life. However, dudaéir toulky and rigid structures, existing coffee
makers are not easily transportable. The NatiormarSe Foundation Engineering Resource
Center for Reconfigurable Manufacturing Systemspnasented the task to develop a collapsible
coffee maker design, manufacture a prototype a si@sign and present the results at the
College of Engineering Design Expo on Decembr2007. Using market research, qualitative

modeling and quantitative engineering analysis, team developed a product which meets all
the requirements of the proposed project.
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1. Introduction

The purpose of our project is to design a portabkee maker and manufacture a prototype of
this design. The motivation for this project cameni April Bryan, of the National Science
Foundation's (NSF) Engineering Research Center (ERC Reconfigurable Manufacturing
Systems (RMS). After noting the rigidity and bukss of present coffee makers, Ms. Bryan
presented us with the task of creating a new detsighwould allow the user to easily carry it
with them. This was seen to have a potential maakedng college students who would like
coffee but lack access to it while studying in pesuch as a library.

1.1 Basic Requirements

April Bryan established several requirements for design during our first meeting. The first
requirement was that our coffee maker needed tdrdeelable, meaning that it would be
lightweight, completely sealable, and small enotgffit in a backpack. It was also established
that our design must be capable of brewing two ,cop46 fl oz. of coffee. Our final design and
the resulting prototype are to be presented tolAnyan and the public at the University of
Michigan-College of Engineering Design Expo on Daber 4", 2007.

2. Information Search

In order to successfully design a coffee makerpagan the design process with an information
search on coffee brewing methods and a searchirfafas products and patents. We then
performed some physical testing on similar prodwstd dissected them. Finally, we began
doing some initial research on the possibilitiesdonceptual designs.

2.1 Methods of Brewing Coffee

The methods of brewing coffee vary according to hbevwater and coffee grounds come into
contact. Most methods involve running near-boilagter through the coffee grounds and then
through a filter. The strength and taste of thesmbcan depend on the method used, due to the
amount and type of components in the coffee mdkerause personal preferences for brew style
can vary greatly, we have decided to focus ontireetmost popular brewing methods.

Drip-brew. The drip-brew coffee method typically starts bpidly heating

water through a tubular heating element. The wigtéhen boiled and the 7§
resulting water vapor passes through a one-wayevdlle vapor then cool:
back to liquid, and is eventually forced up andpdised over the coffee
grounds. The water passes through the groundsthemda filter typically
made of paper or metal, before finally enteringoa ghis pot is usually
kept warm by a hotplate utilizing the same heatlement used to boil the
water. ———




Percolator. Percolating coffee makers share some of the saimeigles as the
drip-brew, however the major difference is that thater passes through th .

coffee grounds multiple times. After boiling, theter is again forced up

tube, typically made of metal and placed in theeeaf the pot. The vapor the

cools to water, passes over the coffee groundgtandgh a metal filter before

returning back into the original reservoir of wat€his process is repeated uni '
sufficient time has passed, or until the user stbpsprocess when the desire

color of coffee has been reached.

French PressThe French press method is perhaps the simple$teeCgrounds
are added to a pot with a plunger device. Boilirdesx is then added to the pot, ¢
the coffee grounds and water are in direct comattt each other without the us
of a filter. After sufficient time has passed, tirends are then separated from tl
brew using the plunger device.

2.2 Patent and Products Search

In order to get a better idea of the types of pobslon the market similar to the one we are
trying to design, we performed a patent searchhodigh we could not find any patents for
products exactly like ours, we did find some simiaes. Patent # 4,382,402 titled “Portable
Coffee Maker”, issued on May £01983, is a coffee maker designed for use in @adsuneven
surfaces (Figure 1 below). It is powered by theisclehbattery through the cigarette lighter. It
uses the drip-brew method with prepackaged watdr caffee ground pods. The only other
patent we found pertaining to portable coffee makemerely an ornamental design issued on
March 28", 2000, with the patent # D 421,871 (Figure 2 bglow

Figure 1 — # 4,382,402 Figure 2 - # D 421,871

We also performed a simple search on www.amazon.aadch at local retailers for similar
products. The only results we found were the Z&oek Brew Travel Coffeemaker and “Brew
and Go” devices like the Black & Decker DCM182 BrawGo Personal Coffeemaker. The
Zelco model came closest to the type of produchagin mind, although it produces less coffee



and is not completely sealable for transportingopses (Figure 3, page 3). The “Brew and Go”
style coffee makers are typically simple drip-bmeakers that brew into a travel mug as opposed
to a coffee pot (Figure 4 below). Only the travaelgs in these products are “portable”, not the
entire coffee brewing machine.

Figure 3 — Zelco Brisk Brew? Figure 4 — Brew and G0

2.3 Benchmarking and Product Dissection

We tested 4 drip-brew coffee makers to get an afesome of the engineering parameters of
current products on the market. We tested Mr. €offF4, Sanyo SAC-MSTF6, Braun Type
3075/KF12, and Cuisinart Grind & Brew. Table 1 belsummarizes our results. The errors were
determined by simply taking twice the standard déen of the measurements. Appendix A
contains the results of our tests in more detail.

Table 1 - Benchmark Results

Parameter Average

Output Temperature 132+ 6 °F (56 +4°C)
Reheat Temperature 140 £ 7°F (60 +£4°C)
Brew Time 4 min 1 £+ 28 sec

Liquid Absorbed in grounds 0.25 +£0.12 cups (5204mL)

We then dissected both the Mr. Coffee TF4 and tney® SAC-MSTF6 coffee makers to get a
hands-on view of not only how they operate, but ats better understand some of their design
features.

2.4 Design Research

Our final information search dealt with our partaudesign. We wanted to get an idea of the
types of design features that were plausible faramnceptual designs. We performed a basic
internet search for things like optimal brewing pmrature and plausible power supplies and
heating elements. We found the optimal brewing tmaure to be 91 — 96 °C (approximately
195-205 °F}



Our initial thought for a portable coffee maker wasmake it battery or USB (Universal Serial

Bus) powered. After some preliminary calculatiossg Appendix B), however, we realized that
this would require a heating element requiring agpnately 400-600 W. These levels of power
are simply unreasonable from sources such as ieatter USB power which range only from

about 2.5 to 13 Wt

We further performed research on heating elemdihis.most plausible elements heat by simply
running current through high resistances. Theseed#er have the water run through them or
they can be submerged in water, depending on thigrde

3. Customer Requirements and Engineering Specificans

Table 2 below shows our customer requirements witkir corresponding engineering
specifications. These customer requirements arerdhelt of a survey of 52 University of
Michigan students along with our sponsor requiresiefranslations of customer requirements
to engineering specifications using our Quality ¢tiomal Deployment (QFD) diagram can be
seen below. Our QFD Diagram can be seen in Figyrage 7.

Table 2 - Customer Requirements and Engineering Sp#ications

Customer Engineering Specification Target Value
Requirement

Safe Number of exposed hazards 0
Sealable for Liquid volume leaked during transport 0 mL
transport

Minimal transport | Machine volume during transport 2300%cm
volume

Sufficient brew Volume of coffee made with 1 brew 473 mL
volume

Brew quality coffee| Brew temperature 93 °C
Brew coffee Brew time 5 minutes
quickly

Easy to Number of removable parts 6
clean/maintain

Affordable Retail price $35
Sufficient coffee Volume of coffee grounds 40 éif2 2/3
ground volume tbsp.)
Lightweight Machine weight 1.8 kg
Reheat Option Reheat temperature 60 °C
Available

Minimal noise Decibel level when brewing 50 dB
when brewing

coffee

Visibly pleasing Number of colors available 4




3.1 Translating Customer Requirements to Engingefipecifications and Target Values

Safe. To ensure that the coffee maker is safe for weedecided to minimize the number of
exposed hazards. Furthermore, because this reqenteganked highest on our survey and is also
a requirement of our sponsor, we decided that thnerst be zero exposed hazards.

Sealable for transportWe assumed that the coffee maker will be traisepdan a backpack and
do not want any of the other objects inside thekgadbe damaged by the coffee maker. Thus,
we decided that the volume of liquid leaked whems$porting the coffee maker should be 0 mL
to ensure no damage to the customer’s belongings.

Minimal transport volume.To transport the coffee maker, it will be in anggact or collapsible
form and presumably stored in a backpack. Thus,wa&at to minimize the volume of the
compact form of the coffee maker, and decided t@ lihe total travel volume around the size of
an average book. After investigating and recordiegeral book volumes, we found an average
book volume of approximately 2300 ¢m

Sufficient brew volumeThe coffee maker must be able to brew 473 mLolRmetric cups) of
coffee. This specification is a requirement of gponsor as the minimum amount of coffee
made from one brew.

Brew quality coffee.To achieve maximum flavor from coffee grounds, water must be heated
to a specific temperature before it passes throlglgrounds. After benchmarking current coffee
makers and some initial research, we found an adedurew temperature of 93 °C.

Brew coffee quicklyThe coffee maker must be able to brew 473 mLoffee in 5 minutes or
less. This specification is a requirement of oumnsor as the minimum time to brew 473 mL of
coffee.

Easy to clean/maintainThe coffee maker must be able to be cleanedyedsius, we decided to
minimize the number of parts that will have to pigly be cleaned. Possible parts that may
need cleaning are the filter, water tank, coffeg @od machine stand. Because our coffee maker
may be collapsible, it is probable that our maclsitaand will require more than 1 piece. Thus, we
hope to have a maximum of 6 removable parts.

Affordable. From our survey, we found that an average colgdent spends $12 on coffee a
week. To achieve a competitive price with curresi-portable coffee makers and also be able to
produce a quality coffee maker, we arrived at aepaf $35. At this price, the coffee maker will
pay for itself in approximately 3 weeks.

Sufficient coffee ground volum@&he coffee maker must be able to brew a suffickatime of
coffee which requires a minimum volume of coffeewgrds. To brew the minimum amount of
coffee, 473 mL, 2 2/3 thsp. (approximately 40°cof coffee grounds are required, according to
coffee ground producers.



Lightweight. From our survey results, we found that college estislhave little preference about
the weight of the portable coffee maker in commariso a current coffee maker. Thus, to
determine our engineering specification of weight took an average weight of several
competitive coffee makers on the market today. Wentset our maximum weight allowed to
this value of 1.8 kg.

Reheat Option Availabléccording to our survey results, customers preddfee makers with a
reheat option. We simply translated this custoreguirement into a desired reheat temperature.
We determined our target reheat temperature vajuaking the average reheat temperature of
the products we tested, resulting in 60 °C.

Minimal noise when brewing coffed@he environments that the coffee maker will bedum are
quiet areas, so the decibel level emitted from brgwoffee should be kept to a minimum. We
chose a maximum of 50 dB during brewing in ordeetsure that the coffee maker will not
cause any noise disturbances. This decibel leaslahosen because it is the average noise level
of an office setting.We plan to test the decibel level using a decibetem

Visibly pleasingFrom our survey results, we found that aesthetiedlae least important factor
to our customer base. Furthermore, because thet iotehe coffee maker is to be able to travel
and brew coffee, we decided that to be visibly gileg we should offer a moderate variety of
colors. Current coffee makers generally come irolbrs: black, white, red, and silver. To be
competitive, we decided to also offer our coffeekenan these colors. Our survey results also
showed that a cylindrically-shaped coffee maker thasmost desirable (See Appendix F).



3.2 Quiality Function Deployment (QFD)

Our QFD (Figure 5 below) summarizes our translatboustomer requirements into
engineering specifications.

Relationships
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Figure 5 - Quality Functional Deployment (QFD) Diagam

Correlations. After defining our customer requirements, theipexgive weights, and translating
them into engineering specifications, we correlatesl customer requirements and engineering
specifications. The QFD illustrates the correlagiom the middle box using the following value
definitions: 9 = strongly related, 3 = somewhaatetl, 1 = weakly related, and blank = totally
unrelated.



Cross-Correlations.Because changing an engineering specification ffantathers, we cross-
correlated each pair of engineering specificatidiie QFD illustrates these correlations in the
triangle at the top, using the following notatier¥: = strong positive, + = medium positive, - =
medium negative, -- = strong negative, and blankstally unrelated. For example, as the
volume of coffee increases, the brew time undouptedso increases, exhibiting a strong
positive relationship. These cross-correlationsevdone to reveal indirect dependencies of
customer requirements on engineering specifications

Benchmarks and Competitor Valuels order to determine how well similar productsreuntly

on the market satisfy our customer requirementspemchmarked 3 of these products. Each
customer requirement for each product was ranked soale of 1 to 5, where 1 is “does not
satisfy” and 5 is “satisfies perfectly”. These rangs were based upon our personal experience
and knowledge of the product, along with custoneerews from www.amazon.com. The QFD
shows the results of these benchmarks down thé sigle. This benchmarking was done to
reveal possible areas for improvements of our mrbdu

Furthermore, from both our testing of these prosluantd the specifications provided by the
manufacturer, we provided their respective valums dur engineering specifications at the
bottom of the QFD.

Importance Ratings. The total weights of each engineering specificatwere found by
summing the products of every correlation for aegispecification with the weight of the
corresponding customer requirement. These tot@ht&ewere then normalized by dividing the
total weight for a given engineering specificatioyp the sum of all total weights across all
specifications. Finally, these normalized weighi&se then translated into an importance rating,
with the highest normalized weight being the mogiartant and equal to 1.

3.3 Results of QFD

The most important customer requirements includetgaransport sealing ability, and transport

volume. Safety of the user is always of the utmogiortance when producing a potentially

dangerous product. Furthermore, the purpose opmject is to produce a transportable coffee
maker, so transport volume and sealing ability thee next important requirements. Transport
volume is strongly correlated to both the travduwee and volume of coffee produced. Safety is
also strongly correlated to brew temperature. &loee, the top three engineering specifications
include volume of coffee produced, travel voluma] arew temperature.

Engineering specifications related to manufacturmgre also of high importance. These
included specifications such as number of parisepand volume of leakage. Other important
customer requirements include sufficient brew vaumuality of coffee, quick brew time,
affordability, and ease of maintenance. Becaussetltustomer requirements and engineering
specifications are most important, we concentratedsatisfying them during the conceptual
design process.



4. Concept Generation

Figure 6 below shows a brief flow chart of our ogpicevaluation and selection process.

Basic Functions

FAST Diagram
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Morphological Chart

a

v

High-Level Concepts
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S

Pugh Chart

——{Top 2 Coneepts |——

Designs ready for
engineering analysis
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3D Cad

Figure 6 — Flow chart of concept evaluation and settion process
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4.1 FAST Diagram

In order to begin the concept generation stagefirateneeded to understand the basic functions
of a coffee maker. We began by listing all of thactions performed by a coffee maker. We
then selected one of these functions, “Brew coffes’ the task function because that is the
overall function of the product. Next we categedzthe basic functions, those required to
accomplish the task of brewing coffee. These umelboiling water, filtering and storing coffee.
The primary supporting functions include assuriegehdability by protecting the user, assuring
convenience, enhancing the product, and pleasmgd¢hses. We then expanded on these basic
and primary supporting functions with other funosp until the function was fulfilled by the
mere existence of an object or physical part. é&@mple, the “Add heat” function can not be
broken down further, because it is accomplishedheyheating element of the coffee maker.
The function “Simplify housing” is adequate becaitsé&s accomplished by collapsible parts
and/or simply-shaped housing. The FAST Diagrarguid 7 page 10) summarizes the results of
this process.
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Figure 7 - FAST Diagram
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4.2 Morphological Chart

Using the FAST diagram, we generated several optiomccomplish each of the sub functions
required of the final designs. These sub functiookided the following:

Add heat to water o Direct hot water

Disperse water to grounds Hold water/brewed coffee
Contain coffee grounds Reheat coffee

Maintain heat control Reduce maintenance
House electronics Simplify housing

Seal components Simplify use

Reduce noise Reduce brew time

We organized the top two to three options for dacdietion into a morphological chart (Table 3
below).

Because some of these concepts can be difficuintterstand or differentiate, a more detailed
morphological chart was generated. This morpho&igibart includes drawings of several of the
functions (Table 4, page 12).



Table 3 - Morphological chart containing

sub functon options

Function Option 1 Option 2 Option 3
Add Heat Tubular Calrod Submersible Hot plate
Direct Water Tubing Gravity feed Pump
Contain Water/Coffee | Single reservoir Separate reservoirs Funnel
Disperse Water Drip-brew mechanism | Percolating mechanism French press
Contain Grounds Paper filters Metal filter Mesh filter

Reheat

Detachable/Separate

Internal/Shared

Reduce Maintenance

Disposable filter

Removable permanent filtg

Removable Cup

House Electronics

With heat source

Separate from heat source

Maintain Heat Control

On/Off switch

Automated controls

Manual controls

Simplify Housing

Collapsible

Simple shapes

Seal Components

Storage container

Threaded components

Latched components

Simplify Use

Automated controls

Prepackaged supplies

Non-collapsible

Reduce Noise

Noise damping material

Internal brew mechanism

Reduce Brew Time

Larger heating element

Minimized tubing length

Larger tube diameter

11




Table 4 - Detailed morphological chart including dawings

Function Option 1 Option 2 Option 3
Tubular Calrod Submersible Hot plate
‘E Water
&
SO0 0QO0 [0
Add Heat

Water

Direct Water

v
Coffee Grounds

Heating Elemen
| Calrod |
Tubing Gravity feed Pump
BLOOOQOO IO

Single reservoir

Separate reservoirs

Funnel

Coffee Grounds
I 1 7 ] Heat Applied
Cuffe %
IGrounds] =
Contain
Water/Coffee i
T VWater
Heat Source toatine Elomont 7
eating Huldi é-____)
Drip-brew mechanism| Percolating mechanism French press
Coffee Grounds
Disperse
Water

Heat Source

Water

12




Table 4 cont. - Detailed morphological chart

Function

Option 1

Option 2

Option 3

Contain Grounds

Paper filters

N

Metal filter

Mesh filter

Reduce
Maintenance

Disposable filter

Removable permanent
filter

Removable Cup

T ——

House
Electronics

With heat source

Separate from heat sourd

Calrod
[ ¢

On/Off

Simplify Housing

Collapsible with threads
[ Threaded Sides 1

AN

N

(L5~
(((T

Collapsible with posts

J,J,

Overhead brew Single
reservoir
Coffee
Maker
Coffee
Pot
N
——

13




Table 4 cont. - Detailed morphological chart

Storage container
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4.2.1 Morphological Function Descriptions

Add Heat To heat the coffee we have three options. Widdcuse a Calrod heating element
where the water is gravity fed into a tubular heglement, external to the water reservoir, and
boiled out. Secondly, we could use a submersibktihg element placed inside of the water
reservoir to heat all of the water at once. Tlingk could use an external hot plate to heat one
or multiple walls of the water reservoir and thesihthe water through surface convection.

Direct Water. The fluids could be directed from the water reserto their final destination via
tubing, gravity feed, and/or a pump. With tubitige design would be similar to today’s coffee
makers with silicon tubing and possibly a one walve directing the flow of the fluids. The
gravity feed option would stack the coffee makemponents vertically so as the water fell it
was brewed into coffee. The pump option wouldaeplthe one way valve and direct the water
without necessarily boiling the water.

Contain Water/Coffee. To contain the water and coffee we could use wwservoir, two
reservoirs or a funnel. If one reservoir was ufedboth the water and coffee container, our
design would be a percolating or French press eafiaker. The brewed coffee would mix with
the remaining water unless some form of separaés wsed. With two reservoirs you have one
reservoir initially empty and pour the brewed cefiato it. As a drip-brew coffee maker would.
The final option is a funnel container where theevavould be poured into a funnel and the
funnel would be designed so the coffee was innglenough to brew and then fall through as
coffee.

Disperse Water. The three water dispersion options are drip-brparcolating, and French
press. These are discussed in greater detailiMethods of Brewing Coffeen page 1.

Reduce Maintenance: Three ways we came up witledace the maintenance of our designs
were to have a disposable filter, a removable peemifilter, and/or a removable cup. A
removable filter would allow for quick and easyptisal of grounds and would eliminate any
cleaning of the coffee maker. A removable permafiker would be slightly less convenient as
it would need to be cleaned but would be easilyowad for cleaning so it would reduce
maintenance compared to a permanent filter desigA. removable cup would reduce
maintenance because it would be easier to cleanahaug design where brewing components
were combined and could be placed in a dishwashsem& of water where as the latter could
not.

House Electronics.In our designs we could either keep the electoim the same section of the
coffee maker as the heating element or in a sepafate. In the coffee makers we tore down,
the electronics were generally sitting within theskhhpe of the calrod heating element.
However, we think that having the electronics hduseparate from the heating element with a
single wire or wires running between should be ©®rsd as an option because of safety issues
that would arise if the tubing to the heating elatneere to leak with electronic components
around it.

Maintain Heat Control. To control heating element for our coffee maker gould use an
On/Off switch, automated controls, or manual castrdNith an off switch, the heating element
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would be turned on or off by the user when theysehoWith automated controls, the heating
element would be turned off by sensors that elkeesed the temperature of the coffee, the time
of the brew cycle, or the amount of water left tevb. With manual controls, the user would
push a button or turn a knob to reach their desiezd control.

Simplify Housing To simplify the coffee maker housing, we conside using several
collapsible concepts. To collapse using threals, user would simply screw and unscrew
elements of the coffee maker to move them verticallo collapse using posts, the user would
elevate elements of the coffee with telescoping@gah collaboration with spring push-pins that
would fall into place when the coffee makers readiwe desired height. These push-pins would
allow the elements to remain elevated until maguddlactivated. We also considered overhead
brewing, which is simply a unique way of orientithgg storage tanks of the coffee maker where
all of the brewing of the coffee takes place inaaktabove the coffee mug. The tank is then
removed from the mug and the coffee is then readylfinking. The concept of using a single
reservoir requires a unique and clever way to mdaip the water and coffee flow that the same
tank can be used to house both of these fluidsowithllowing them to mix with each other.

Seal ComponentsTo seal components, we considered a storage inentavhich is simply a
container that you would place the coffee makeafiar use to prevent any leaks. We considered
threading components together to reduce leaks Iésita how a bottle has a cap thread on to
prevent it from leaking). We also considered latglcomponents together (like latching a tool
box together) to help with the sealing of composentiile still granting easy access to important
parts of the coffee maker (such as the water taofkige mug, coffee filter).

Simplify Use To simplify the use of the coffee maker for thser we could incorporate
automated controls, prepackaged supplies, and/okemthe design non-collapsible.
Incorporating automated controls would mean theihgalement would be on a timed cycle or
sense when all of the coffee was brewed and gweusler an indication that is was complete as
well as turn of unnecessary components such asalteeating elements without any user input.
Prepackaged supplies would eliminate any measwfirgyounds or water volume for the user.
Making the design non-collapsible would eliminatay aconfusion in how the design
expanded/collapsed.

Reduce NoiseTo reduce the overall noise we considered tw@mong: noise dampening material
and internal brew mechanism. To lessen the naisduged by our designs we could fill or
cover the outer shell of with a noise dampeningem@t We could also keep the brew
mechanism, whether it is drip or a spout, inteseaits noise is damped by the outer casing.

Reduce Brew Time To reduce the brew time we could do any commnabf enlarging the
heating element, minimizing the tubing length, anaénlarging the tube diameter. Enlarging the
heating element would mean more water is heatexh@ and/or the same amount of water is
heated more quickly, both resulting in decreasegviirme. Minimizing the tubing length would
decrease brew time because there is less travwahdes from the heating element to the final
destination.
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4.3 Initial Conceptual Designs

Keeping all of the function options of the morphgital chart in mind, each member of the team
developed at least two conceptual coffee makegdssirhe morphological chart was then used
to determine which options, for a given sub funatiwould best fit each concept. Four of these
concepts are detailed below, and are classifiea twwb main categories: collapsible and non-
collapsible.

4.3.1 Collapsible Concepts

Concept #1
Add Heat Tubular Calrod
D W Tubi Separate
rect Water Hbing Threaded Top ~Cofpartment

Contain Water/Coffee | Separate reservoirs

Disperse Water Drip-brew mechanism
Contain Grounds Paper filter
Reheat Internal/Shared

Reduce Maintenance Disposabile filter

House Electronics With heat source

Maintain Heat Control | On/Off Switch

Simplify Housing Collapsible

Seal Components Latched components

Simplify Use Automated controls

Reduce Noise Internal drip mechanism

Reduce Brew Time Larger heating element Hot Plate  Heat Source

w/ Electronics

Our first collapsible concept consists of a largéndrical water compartment held up by two

supports. These supports contain tubing which mtmthe bottom compartment, which contains
the heating element. The placement of this heatlement also allows for a hotplate, providing

a reheat option. The water compartment containeparate cylindrical compartment that

contains the coffee filter. The coffee filter contaa funnel-like device to allow for the brewed

coffee to drip into a cup or carafe. The top watmmpartment would collapse via spring-loaded
push buttons on the supports. One support wouldps® into the water compartment, and the
other would collapse, along with the coffee filterto the separate compartment. Finally, there
would be a threaded cover for the top of the wedenpartment to ensure sealing ability.
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The strengths of this design include the collafisgpiallowing for a smaller traveling volume. It
also contains a reheat options and brews coffeahd@adrip method. With this reheat option
however, comes the weakness of having an exposgdateo Space inefficiency is another
problem with this design. Because of the separatapartment required for the filter and
corresponding support to collapse into, this resulta large amount of unused space.

Concept #2 Water

Filter Drawer
Add Heat Tubular Calrod Compartment

Direct Water Tubing

Contain Water/Coffee Separate reservoirs

Disperse Water Drip-brew mechanism

Contain Grounds Mesh Filter Button
Reheat Internal/Shared

Reduce Maintenance Removable cup

House Electronics With heat source

Maintain Heat Control On/Off Switch

Simplify Housing Collapsible

Seal Components Latched components
Simplify Use Automated controls
Reduce Noise Internal drip mechanism
Reduce Brew Time Larger heating element

Our second collapsible design was a cylindricalceph with elevating water tank, reheat option
and filter drawer for coffee ground storage. Tleter tank moves vertically from its collapsed
position by activating spring push-pins on the gedgping poles located on the side of the coffee
maker. Coffee grounds are added by pulling oufiittes drawer from the water tank. The hot
water spout is then placed inside this filter drawee prevent hot water from splashing on the
user and to eliminate mess. The coffee is brewtxld regular coffee cup which sits inside the
coffee maker casing. To gain access to the cup,syaply unlatch the casing door on the side
of the casing, open the casing door, and removeupe To collapse the design, you replace the
filter drawer into the water tank and then slide thater tank into the coffee cup using the
telescoping poles located on the side of the casige hot water spout slides down via a
telescoping pole. Secure the casing door withated on the side of the casing and screw on the
lid provided to ensure that the coffee maker is pletely sealable.
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The strengths of this design are similar to thaheffirst collapsible concept, in that it collapse
to minimize travel volume, has a reheat option, asek the drip-brew method. It has the further
advantage of being safe, because the exposed teogdléhe previous design is eliminated by
incorporating a latched door. The major weaknesstto$ design is the difficulty in
manufacturing it. It not only contains many paftigf also parts that require high precision, in
order for the collapsible aspect to function catlyec

4.3.2 Non-collapsible Concepts

Concept #3
Add Heat Tubular Calrod Threaded Top
Direct Water Tubing

Contain Water/Coffee | Separate reservoir

Disperse Water Drip-brew mechanism
Contain Grounds Metal filter
Reheat N/A

Reduce Maintenance Removable permanent filter

House Electronics With heat source

Maintain Heat Control | On/Off switch

Simplify Housing Simple shapes

Seal Components Threaded components
Simplify Use Non-collapsible

Reduce Noise Internal brew mechanism
Reduce Brew Time Larger heating element

Our first non-collapsible design is perhaps thepsast of our concepts. It consists of a water
compartment, followed by a heat source and elesortompartment. There is then permanent
filter followed by a mug. All of these componentsesv together to ensure sealing ability. There
also consists of a threaded top for the water cotmeant.

The main strengths of this design include its sgadibility and multiple travel sizes. Because all

of the components screw together, this ensureght &nd leak-free seal. This design also has
multiple travel sizes, in that it may be carriedhwor without the mug. A separate threaded top
would be made to accommodate this option. It alsesuhe drip-brew method which may be

considered a strength. The weaknesses of this dasiude the lack of a reheat option. A

special cup is also required in order to attadb the brewing device. Another weakness is that
the height is rather large in comparison to thepasich could lead to the device tipping.
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Concept #4

Add Heat Tubular Calrod )
Filter

Direct Water Tubing

izt

Contain Water/Coffee | Single reservoir i

'f."fﬂl Single

Disperse Water Percolating mechanism | e/ | jreservoir
Contain Grounds Metal filter L
Reheat Internal/Shared

Reduce Maintenance Removable permanent filter

House Electronics With heat source

Maintain Heat Control | Automated controls

Simplify Housing Simple shapes

Seal Components Threaded components

Simplify Use Non-collapsible i it L i
Reduce Noise Internal brew mechanism

Reduce Brew Time Larger heating element

Our second non-collapsible concept is a percolategign. At the bottom of a thermos housing,
a heat source boils the water/coffee mixture upugh the tubing and through the filter. The top
of the thermos device containing the filter screffsallowing for the user to drink straight from
the device.

The main strength of this design is its minimalwoé. Because the device utilizes a shared
reservoir, the total volume is effectively cut ialth although the percolating aspect of this

feature may be considered a weakness. Like theros-collapsible design, this is also well

sealed due to the threaded components. The mughiikking device may also be considered an
advantage over a cup, because it is easier topwanand seal. Aside from the percolating

aspect, another major weakness this design is éfgairement of a temperature sensor and
control system to switch to a lower heat settingeotine brewing process is complete.

5. Concept Evaluation and Selection
After generating high level designs, we discusseel s$trengths and weaknesses of each.
Through this discussion we were able to separa&detdisible from non-feasible and narrow our

original concepts down to four. The original coptseand four selected concepts can be seen in
Appendix D and above, respectively.
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We began narrowing down our concepts by eliminatiegigns that did not meet our top three
customer requirements of being safe, sealable tramdportable. During this process, we also
considered what was feasible with our prototype ufesturing capabilities. Focusing on
individual design weaknesses’, we tried to refiaeheconcept by comparing other designs and
consulting material from our information searchhem using a Pugh chart (Figure 11, page 23)
we compared our four best designs to arrive atdpdwo design concepts.

5.1 Safety

Once we began the refinement phase of our deswastealized many of our designs had
unacceptable safety hazards. The main hazardvbh&ncountered was that of an exposed hot
plate in our collapsible designs. In our non-qudiale designs, the hot plate was enclosed and
not a hazard. In refined design #2, we combinedstrengths of both by designing the entire hot
plate to be enclosed inside a folding enclosurdn itsafety switch for when the enclosure is
opened. A pressure switch refinement was alsoidemsl but this would not completely
eliminate this hazard.

5.2 Sealing Ability

After dissecting our designs from a functionalitgrsl point, it became obvious that we would
have leak problems in our collapsible designs. tRercollapsible designs where the coffee is
brewed through the drip-brew method, we realizeat the would need a spring loaded pour
mechanism and a corresponding component to applspre on it to avoid leakage when the
cup was removed from the coffee maker. This methasl observed in coffee makers currently
being manufactured (Figure 22, page 39). The tm@acup design was refined to meet this
requirement by adding a threaded component betwezgrounds and cup so unthreading the
cup would stop the flow of brewed coffee. In cquic#l and concept #2, the designs were
refined to include a cup and pressure applicattbndmbination to address the same problem.

Similar leak issues were encountered when refirdegigns with multiple components that
separated or opened. To seal these designs feptyet, we considered rubber seals and external
casings but in the end found that threading thepmomants together, as in concept #4, was the
most effective way to satisfy this requirement amdl within our manufacturing capabilities.

5.3 Transportability

After our initial designs, we realized that thererer essentially two ways we were making our
designs transportable. The first method was simplyinimize all of the dimensions into a
single piece cylinder shape. This method resulted small and easily transportable coffee
maker but limited our brew volume capabilities. eldecond method kept the traditional look of
a coffee maker and made its parts detachable aolatdile for travel. These designs had greater
brew volume capabilities but had many differenttp@o manipulate. Each design provided a
suitable but different method of making a coffeekeratransportable. After realizing the
strengths of the two methods, we combined thenrdate the enclosed cup concept where the
design collapses but is kept in a single piece.
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5.4 Manufacturability

As we began to refine our original eight designsfeuand that the best way to keep our concepts
within our manufacturing capabilities was to maimtaimple shapes and components. We
refined the float separator design to be a simpé&colating design and changed many rubber
seal concepts to threaded seals. We also lookedriathods of eliminating telescoping hoses,
as recommended by our design review, and replabiegn with accordion style extensions or
stretching hoses. The process of refinement fonufieeturability will continue into the
manufacturing process as we encounter problemsadayok our design to account for them.

5.5 Pugh Chart

After refining the concepts to better satisfy olwree greatest customer requirements and
eliminating those which were not feasible, we wiefe with four designs. To evaluate these
fours designs against one another we used a Pagh(€ligure 8, page 23). From the Pugh chart
we were able to mathematically determine whichgtesir designs were most promising. This
was done by using the weights of each customerireagant from our QFD and a -1, 0, +1
evaluation system for how each design met the greguirement. For each requirement a
design would be a given a number of points equahéoweight of the respective requirement
multiplied by one of these three numbers. A desigs then given a total point ranking equal to
these sum the points given for all of the requiretsie The result of this chart showed that the
concept #2 and concept #3 were our two best designs
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Y

(Datum)

Customer Requirement Weight Concept 1 Concept 2 Concept 3 Concept 4
Safe 10 0 4 A 0
Sealable for Transport 10 0 1 1 i
Transport Volume 10 0 0 - 0
Quality of Coffee 8 0 0 0 -
Sufficient Brew Volume 8 0 0 0 0
Quick Brew Time 8 0 0 0 0
Affordable 7 0 0 i i
Easy Maintenance 7 0 0 1 0
Sufficient Coffee Ground
Volume 5 0 0 0 0
Light Weight 5 0 0 0 0
Reheat Option 5 0 0 - 0
Low Noise 4 0 0 0 0
Visibly Pleasing 3 0 0 0 i

Total + 0 2 4 3
Total - 0 0 2 1
Weighted 0 20 19 12
Total

RANK 4 1 2 3

Figure 8 - Pugh Chart
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6. Selected Concept

The top four designs were then examined in greddtil and further narrowed to two designs
using a Pugh chart. After presenting one colldegiBoncept #2) and one non-collapsible
(Concept #1) design to our peers, supervising psofie and sponsor, we were able to select our
final design. We selected the enclosed cup cor(€apicept #2) as our final design. Further
explanation of both designs are presented belowgeter, explanation of concept #2 is more in-
depth since it is the final selected concept.

6.1 Refined Concept #1: Threaded cup

For our non-collapsible concept, we selected theatted over-cup design. Sketches of this
design can be seen in Appendix D, along with a GAlmrlering in Figure 9 below. This concept
threads a cylindrically shaped drip brew coffee ematnto a standard sized coffee cup with
threads machined into its upper-inner lip. ThetfiCAD rendering shows how the design would
appear when coffee is being brewed. The five carmapts are threaded to one another to make
one long cylinder. In this configuration the whalesign stands approximately 30 cm (9”) high
with a base of 9 cm (3.5”). When the coffee maiketraveling the cup and cup lid can be
separated from the rest of the unit to give the os®e options for packing it.

The second CAD image (Figure 10, below) shows goebed view of this design. From top to

bottom the parts are; water reservoir lid, watsereoir/electronics housing, electronics housing
floor, grounds reservoir, and cup. Missing fronmsthendering is the cup lid which threads
between the grounds and cup to apply pressureetpdbring mechanism.

==

A
&
Figure 9 - External CAD Drawing of Selected  Figure 10 - Exploded CAD Drawing of Selected
Concept #1: Threaded cup Concept #1: Internal Parts.
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The third CAD image (Figure 11, below) gives a viefithe internal parts and the functionality

of this design. From this view it is easier toudbze the path the water takes in becoming
coffee. A tube connected to bottom of the watsereoir is connected to the heating element
sitting in the electronics housing. The heatirgrednt is powered by 110V AC power through a
standard wall outlet. Once the water drips inte hbeating element it is boiled and pushed
through a one way valve and into a tube which apcinto the water reservoir and back down
through the middle of the water reservoir and etatts housing floors. From here it is fed into

a drip mechanism and dripped over the coffee greamdl into the cup below.

The majority of our coffee maker would likely beilbwf PVC. However, more materials
analysis needs to be done before this is certdime exact dimensions and material for tubing
have not yet been determined although 13 mm (Id®)x 1/16” (3 mm) wall thickness appears
standard from our teardowns. The heating elemdhtikely be a formable Calrod which can
be purchased over the internet while the drip mesha will be modified from an existing
coffee maker.

Figure 11 - Internal CAD Drawing and Schematic of 8lected Concept #1:
Threaded cup

6.2 Selected Concept: Enclosed Cup (Concept #2)

Explanation of Concept.Figure 12, 13, and others below show our secamtept that was
selected using the Pugh chart in Figure 8, pagelAB. concept incorporates the ability to be
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collapsible, sealable, possesses a reheat optiohalao allows the user to brew coffee into a
“standard-sized” coffee mug. We chose to have @ular casing so we could allow our tubing
for water and coffee to remain in-tact when thaglesvas collapsed. This casing will also allow
for manipulation of tubing. Furthermore, this dgsiallows the casing to open in order to
remove the coffee cup from the reheat pad. Thieediiter was determined to be a drawer so it
could be easily stored in the water tank and treth bf them could be easily collapsed into the
casing. The sealing mechanism on the coffee fitinics the inside of the complete wall of the
water tank in order to keep water out of the filtEhis feature, in collaboration with sealable o-
rings lining the perimeter and the pressure froentfater pushing on the sealing mechanism was
determined to be ample for sealing leaks. The hidle coffee filter is so hot water does not
splash on the user when brewing, but also allowgfessure build up from the hot water to be
released. The water and coffee filter designs pa@te existing coffee maker technology of
tubing spring seals for allowing fluids to drainelecided to use telescoping rods to support the
water tank because these can be easily storedeirsadh other, and also allow for easy
collapsibility. Finally, we decided to add latchesthe top of the water tank so it can be easily
cleaned and refilled along with the removable coffaug.

Coffee
Filter Latch
Drawel
Hot Water Tan
Water (removable)
Spout
Hot
Watgr I Telesconina Pa |
Tubing
Finished Spring
Coffee Push Pin
Tubinc

o CoffeeMug

B (handle shown)
Casing

Heatina Flemet

Figure 12 - External CAD Drawing for Selected Conget #2: Enclosed Cup
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Sliding Lid for
Coffee Grounds

Knob for
Moving Filter

Sealing
Mechanism

Tubing Seal

Coffee Spol

Coffee Mug

Internal Hot
Water Tubing
From Heating
Element

Heating Elemer

Figure 13 - Internal CAD Drawing of Selected Concejp#2

0
==

i

Figure 14 - Wire Frame CAD Drawings of Selected Carept #2
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Lid

Hot Water
Spout
Filter
Drawer
Casing
Door
Casing

Hot Plate

Heating Element

Hot Water Snol

Water Tanl

Lid

Casing
Latch

Coffee Mug

Figure 16 - Semi-collapsed Views of our Selected Gaept
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Figure 16 cont. - Semi-collapsed Views of our Seted Concept

Filter Drawer (in
collapsed position)

Figure 17 - Top View of Semi-collapsed Selected Coept

Figure 18 - Fully Collapsed View of our Selected Gmept.
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Rough Dimensions.Rough dimensions of our selected concept can be below. These
dimensions are rough and subject to change afteheiu engineering analysis and design

refinement.

A
OD: 8 cm
Filter
Drawer: 3.5 10 cm
x3.5x3.5
cm
4
OD: 12 cm
16 cm
A 4
Figure 19 - Rough Dimensions of Collapsible Conceféexpanded)
A
OD:13 cn
4 cm
A
A
14 cm
A

Figure 20 - Rough Dimensions of Selected Concepb(lapsed)
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How to Use.The Figures below show how to use our selectedpusilble concept.

Figure 21 - Succession of Collapsible Steps for o&elected Concept
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Step by step explanation of this succession o&psible steps can be seen below (Figure 21
cont.)

Step 1: Unscrew lid and remove from coffee maker base.

Lid

Step 2: By activating spring push-pins on the side of wagek, slide the water tank to its
locked and upright position using the telescopiogg.

Filter
Drawer

Water
Tank

Push-pins
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Step 3: Using the spring push-pins located on the bottorthefhot water spout tube, slide and
rotate the hot water spout upwards anél ®@ay from the coffee maker. This is the positioa
water tank is in when brewing coffee.

Hot Water
Spout

Push-pin

Step 4: Remove the filter drawer from the water tank. c®the filter drawer is removed, slide

the lid off the filter. The coffee filter can nobe filled with coffee grounds and a removable
filter. Next, slide the hot water spout upwarti®ge the top of the filter and rotate it 90 back
towards the coffee filter (so the hot water spsuhow elevated above the filter drawer. Now,
slide the hot water spot down to its locked posiamd replace the filter lid. Coffee can now be
brewed. (Not shown in this picture: tube connecfiligr to casing to direct finished coffee into

cup; tube connecting water tank to casing to dnaiter from tank and direct through casing into
the heating element)

Filter
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Step 5: After allowing the coffee to brew (achieved @33 than 5 minutes), the casing door can
now be opened using a latch and hinge system lb@atehe sides of the casing. After opening
the door, the coffee cup can remain here to befiefih the reheat option incorporated into the
casing.

Casing
Door

Coffee
Mug

Step 6: To drink the coffee, simply remove the coffee cupnf the hot plate and enjoy your
freshly brewed cup of coffee! If you desire to fxe@ur coffee cup warm over the course of
your indulgence, you can simply replace the coffep on the hot plate with the casing door
open.

Coffee
Mug

Hot Plate

Flow of Water and CoffeeFigure 22 below shows a schematic of moving water coffee from
start to finish. As with traditional coffee makgtise process starts out with cold water in a water
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tank. This water is then gravity fed down througbing which then runs through a Calrod

heating element. After passing through the Caltbe,now hot water passes up through tubing
and is then sprayed over coffee grounds. The e@ffeunds mixed with this hot water then drip

down through a filter into a reservoir for finishedffee.

== Cold

= Hot
mmm [inished Coffee

Figure 22 - Schematic of Water and Coffee Flow
6.2.1 Individual Components.

Below are figures of the individual components @fested concept #2. We intend to
manufacture the coffee filter housing out of PV@ anrchase or use existing technology for the
filtering of our coffee. The sealing mechanismtioe coffee filter drawer will also be made out
of PVC and possibly incorporate o-rings around ghameter to increase its ability to seal out
water. Currently, the dimensions of the coffeesfilare rough due to the shape complexity, but
the filter will be able to achieve a minimum coffgeund volume of 40 cin Furthermore, for
aesthetics, the outside of coffee filter will beinded with the same curvature radius as the water
tank. The only protrusion seen will be a smalllkiiged for opening and closing the water filter
drawer.
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Figure 23 - Coffee Filter

Figure 24 shows a picture of the water tank. Taser tank will be manufactured out of PVC.
The bottom of this tank will also contain a hole feater drainage where a tubing seal will be
places allowing water to leave only when tubingt@ other side is attached. The minimum
volume of this water tank will be 500 &mrenough to make 473 mL of brewed coffee. Rough
dimensions of this tank are expected to be 4 cradius and 10 cm in height. The latches on the
top of this water tank will be purchased and bee abl easily attach the water tank to the
telescoping poles. This will allow for easy mamdace and filling of the water tank.

Figure 25 shows a picture of a coffee mug. Thifeeomug will be manufactured out of
purchased PVC. After further engineering analyseswill determine exact thickness and other
insulating materials required (mainly for the ceffemug handle) in order to ensure user safety.
The rough dimensions of this coffee mug will be iamto that of a standard-size coffee mug.
Currently, we determined rough dimensions to bect5n radius and 8 cm in height.

K

i

Figure 24 - Water Tank Figure 25 - Coffee Mug
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Figure 26 below shows a picture of the coffee malesing with heating element. The purpose
of this casing is to house all of the tubing foe toffee maker while maintaining collapsibility.
This casing also splits in half via a purchasedhland hinge system so that the coffee mug can
be removed from the heating pad on the inside.aB&e accurate dimensions of this casing are
dependant on the rest of our design dimensiongjetermined rough outer dimensions to be 6
cm in radius and 16 cm in height. Furthermore,ttpeof the casing will be threaded so that a
threaded cap counterpart can be screwed on to riakecollapsible form of the design
completely sealable.

Figure 26 - Casing

Figure 27 shows a standard coffee maker Calrodirfgeatement. We expect that we will be
purchasing a heating element similar to the onevehwith an approximate power output of 600
W. We plan to perform engineering heat transfeiyais to obtain an efficient Calrod wattage.

Figure 27 - Heating Element

Figure 28 below shows telescoping rods with sppogh pins that we will be using in our
collapsible design to help elevate the water tamk laot water spout. We are in the process of
finding a supplier of these telescoping rods, hawelor the exact use of our design, we are
leaning towards manufacturing these rods in-hoifsthis is the case, we will use PVC or
aluminum rods with a manipulated push pin subsysté&tough dimensions of these rods are
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dependent on other aspects of our design will beerdened exactly in the near future.
Currently, we expect the rough dimensions of theske rough 1 cm in diameter and a total
telescoping height of 26 cm.

“‘—

Figure 28 - Telescoping Rod with Spring Push Pins
Sealing Interfaces

The figure below shows call outs for interfacestthna@ed further consideration for leak
prevention. As you can see, tubing seals are wefedeconnection of the hot water tube to the
hot water spout, the coffee filter to the casin@i¢h flows to the coffee cup), and from the water
tank to the casing. Furthermore, some solutioegpesvided for the sealing of these interfaces.

Tubing Seal

Figure 29 — Tubing Seal Locations

Figure 30 shows the fluid tank pressure valve. Wpe to purchase this component or modify
one from an existing coffee maker. We will alsteatpt to look further into these spring designs
to see if manufacturing these springs in house evouprove the functionality of our design. If
we choose to manufacture these springs in-housgntveipate using PVC or modified plastic
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washers with purchased springs to build these gubeals. Dimensions for these tubing seals
will be a little larger than 1 cm if our currenbing diameter remains at 1 cm.

External Views:

Not Depressed (no fluid flow) Depressed (fluid will flow)

Internal Views:

Not Depressed (no fluid flow) Depressed (fluid will floyv
Figure 30 - Internal and External Views for CoffeeFilter and Water Tank Pressure Valve
Coupling
Shape

Plug
Figure 31 - Quick Disconnect Hose Couplings [6]

We are considering the quick disconnect hose cogpis a possible solution to the interface
between the hot water spout and the casing. Huntre, we are considering the use of these
quick-disconnect hose couplings to connect theimgatlement tube to the water tank. This
coupling allows for the quick connection of tubesin easy and timely manner while making the
interface of the tubes free of leakage.
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7. Engineering Analysis
7.1 Dimensions

Because the size of our concept and its parts arg important in satisfying customer
requirements and engineering specifications, dimesswere an important part of the design
process. To begin dimensioning our final design,steeted with the engineering specifications
dealing with volumes. These included the 40° dom the coffee grounds, the 473 tifor the
brewed coffee, and enough volume in the water tantroduce the required amount of coffee.
The volume of water required to produce the reguaenount of coffee was a result of our
benchmark testing, in which about 123cof water was absorbed in the coffee grounds (See
Appendix A). We further needed to take into accotlnet volumes occupied by the filter and
tubing that are enclosed in the water tank (131 amd 9 cri} respectively).

We created a simple spreadsheet algorithm to ea&uhe required dimensions of the main
housing and water tank based on an input of thieeafup diameter. We then altered this input
until we agreed upon a reasonably shaped coffe¢hatsatisfied the engineering specifications.

Aside from satisfying the engineering specificasiowe also dimensioned our final design for
manufacturability. For example, we used standaagpat such as rods and tubes for nearly every
component of our design. This makes manufacturagjee in that many required dimensions
will already be satisfied by the supplier, therefoeducing the amount of machining required. It
also reduces cost by saving time and amount of mabfgurchased. We further used standard
dimensions, allowing us to easily find choicesdoill bits and end mills. For example, our holes
used to guide the fluids through the housing walle ¥4" diameter, which can be easily
manufactured using a ¥4” drill bit. We originallyreadered using a varying wall thickness in the
water tank to decrease the overall size of thegde&iut ultimately worked around this problem
by redirecting the tubing, allowing for a constaméll thickness and therefore increasing
manufacturability.

7.2 Tolerances

When tolerancing our design we initially decided keep non-critical dimensions at +.01”,
taking into account both the capabilities of thechmaes we would be using and the customer
requirement to minimize the overall dimensions of @offee maker. However, after more
consideration of our machining experience we chdntieese tolerances to +.0625". After
reviewing our design we found four areas wheret tiglerancing was critical to the ability of our
design to either collapse or seal in liquids. THese areas were the interface between the inner
diameter of the cup and the outer diameter of thtemtank (Figure 46), the combined heights of
all parts well collapsed, the interface between tasing and the water tank, and the
circumferential position of the guide rod holeseTirst three areas were analyzed under root
mean square and worse case stack up conditiong adwlerance of £.0625”. From this it was
determined that a tighter tolerance of £.01” wasirddle to ensure proper functionality of our
coffee maker. The root mean square and worse das& sp calculations can be seen in
Appendix G.
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7.3 Material Choice

After finalizing the dimensions of our design, wesestigated possible material choices. We
considered things like cost, availability, manutaability, physical properties, and effects on the
environment before finally deciding on polypropydeand polycarbonate. The most important
factor we considered when deciding on our matewals temperature. Because our design uses a
600 W heating element and transports water at 9@v&heeded materials that could withstand
these high temperatures. We considered using denestals to manufacture our prototype,
however, after considering the thermal resistarichase materials, we decided that there would
be to much heat transferred through the materidlsis could cause potential harm to the user
and also cause the coffee mug to lose heat ea#i¢y arewing. Polypropylene and
polycarbonate both maintain their physical propsrfor operation temperatures of over 100 °C.
They have good impact strength and a Rockwell R886Rhardness rating. Polypropylene is
also approved by the FDA to be used as a food awbrhge container. They are also
environmentally friendly, as both made of thermepta material which allow for easy
breakdown and reuse of the coffee maker matefials, focusing our environmentally friendly
aspects of our prototype on materials are easilyctable.

7.4 "Off-the-Shelf” Components

Because of the complexity and cost of some of drésprequired for our design, we decided to
use some parts from pre-existing coffee makers.s@haclude some solid tubing, which
eliminates some assembly problems that we may hadewith our original design that used
flexible tubing. We will also be using a 600W Calrbeating element from the Mr. Coffee TF4
Coffee Maker. We decided to use this heating elérberause it fit our design and custom
heating elements are rather expensive. It has durémvironmental and safety benefits of
containing an automatic shutoff once a certain eapire is reached.

7.5 Suppliers

We chose McMaster-Carr as our main supplier becafisatisfaction with past experiences and
inventory selection. They carried nearly all of gets we were looking for, and we received our
products within 2 days for a reasonable price. Offaats like elbow fittings we decided to
purchase from Home Depot in Ann Arbor, becauséefdroximity and chance to see the parts
first-hand before purchasing. The breakdown of materials and suppliers can be found in the
bill of materials (BOM), in Figure 32 on pg 42.
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Part

Quantitiy Part Description Purchased From Number Price Cut
(Each) Price
3.75” ID x 4" OD” x 3.5” L Polycarbonate Cylinder ( ID,OD +
1 0.025”) McMaster-Carr 8585K22 $18.19/ft | $18.19
1 4” OD x 0.125” L Polypropolene Disk (+0.1664") McMaster-Carr 8658K65 $29.58/ft | $29.58
3.25” ID x 3.5 OD x 4.5” L Polycarbonate Cylinder (ID, OD £

1 0.025”) McMaster-Carr 8585K33 $14.18/ft | $14.18

1 3.5” OD x 0.5” L Polypropolene Disk (+0 .146") McMaster-Carr 8658K64 $21.78 $21.78

1 3.57 OD x 4.5” L Polypropylene (+0.146") McMaster-Carr 8658k64 $21.78l/ft $8.17

1 6” OD x 5.75” L Polypropylene Disk ( + 0.25”) McMaster-Carr 8658K67 $63.48/ft | $63.48

1 6” X 6” x 2" Polypropylene Bar Stock Mcmaster-Carr 8742K97 $13.37 $13.37

2 0.25” OD Polyproylene Rod (+ 0.104”) Mcmaster-Carr 8685K51 $0.74/ft $1.48

1 1.5 %" ID x ¥2" OD Polypropylene Cylinder (0 .015") Mcmaster-Carr 8585K52 $0.20/ft $0.30

1 ¥ 1D x ¥2” OD Blended Rubber/Plastic McMaster-Carr 52035K23 $1.54/ft $12.32

2 3.5 OD x ¥4" AISI 304 (OD +0.12", L +1/8") University of Michigan - -
Mr Coffee TF4 Coffee

1 600 W Heating Element Maker - - -
Mr Coffee TF4 Coffee

1 3/8” OD One-way Valve Maker - - -
Mr Coffee TF4 Coffee

1 Mesh Filter Material Maker - - -

2 Y4" Barb to ¥4" Male Pipe Fitting Home Depot $1.99 $1.99

2 Y;" Barb to ¥4” Male Pipe Fitting 90° Male Elbow Home Depot 1.99 $1.99

1 High Temperature Water Resistant Epoxy Home Depot 4.99 $4.99

3 O-rings Home Depot 0.79 $2.37

4 Latches/Hinges Home Depot $3.99 $7.98

Total $202.17

Figure 32 — Bill of Materials
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7.6 Quantitative Analysis

Once we chose our heating element, we needed forpesome heat transfer calculations, in
order to determine the material of the hotplatetifier reheat option in our final design. This was
done by using an infrared temperature sensor uadkeProfessor Massoud Kaviany to measure
the surface temperature of the heating elemenhgwse. We then calculated the surface area of
the heating element that would be in contact whign hotplate. We also set the desired coffee
temperature to a “warm to the touch” temperaturéé@f°C. These calculations revealed the
impossibility of having a 1/8” polycarbonate bottmn the coffee cup, due to the low thermal
conductivity polycarbonate. We set up a spreadsheealter the thicknesses and thermal
conductivity of the hotplate and cup-base to detreerappropriate materials. (See Appendix H)

Following our design review presentation and thedbeack we received, we decided that the
reheat option was not necessary due to the smlakines of coffee being produced. Furthermore,
using a material like aluminum for the bottom o ttup in order to warm the coffee, creates the
problem of the coffee cooling down even quickereoramoved from the hotplate. Therefore, we
reworked the heat calculations using a steel serfaamount the Calrod, in order to determine
the maximum temperature of the “hotplate” surfa8ed Appendix I). We chose steel based on
its low thermal conductivity. Using this, the swdatemperature is less than 50 °C, which is less
than “warm to the touch”. Although this eliminatd®e reheat option, which is an original
customer requirement determined from our studenesy it makes the device safer and allows
us to go with the original plan of using a polycarate bottom for the coffee cup. (See Appendix

)

The last of our calculations dealt with the harglliemperature of the housings of the coffee
maker. We needed to determine the “cool-down” tiorethe time at which the coffee maker is
safe to handle after operation. After performingheamore basic heat transfer calculations using
a worst-case scenario for assumptions, we detedntivag the parts most likely to be the hottest
(the outer wall of the tubes carrying the hot wateill only reach approximately 35 °C (See
Appendix J). This is due mainly to the large wdlickness and the extremely low thermal
conductivities of both polycarbonate and polyprepg. Therefore, our coffee maker can be
handled immediately after use.

7.7 FMEA

Because our selected design was collapsible, #rerenany complex components and interfaces
that could fail. To help minimize the modes ofdiad of our final design we preformed a Failure
Mode Effect Analysis, or FMEA. The first step iretkRMEA was to identify all components of
the design, how each could fail, effects of sudlufas, and the severity of each failure (S). The
possible causes of these failures were then carsidas well as the rate of occurrence of each
failure (O). Then, the methods of detection forte&alure were listed and given a detection
value (D). The values of severity (S), occurrer©og, @nd detection (D) are multiplied together
to form the component RPN values, and all thesadded to yield the Overall RPN.

The real value of FMEA is in the step where recomaeel actions are considered to improve the
RPN values of the individual components. In thepstnew values for severity (S), occurrence
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(O), and detection (D) are designated with respet¢he new improvements. The new Overall
RPN value allows for a comparison of the initiatidg to the improved design.

In our project we were able to reduce our Over&@NRrom 656 to 310. This reduction was due

mostly to improving the many liquid interfaces retdesign. For example, the tubing interfaces
between the water tank and main housing are oribeofmost likely failure modes, as seen in

Figure 33 below. By sealing these interfaces, weevable to reduce the RPN of this component
by 48. Another component that had a large failweuarence was the filter drawer, due to the
likelihood of leaking. We significantly reduced tR&N value of this component by permanently
affixing the filter drawer inside the water tank, @posed having the drawer slide out.

Product Name: Collapsible Coffee I Development Team: RMatt Plunkett, Kurt BcF arlane, Tyler Howard, Eyle Dlart
th
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Figure 33 — Table of results for Failure Mode EffecAnalysis (FMEA)
7.8 Design for Manufacturability

In order to make our design physically feasible ematut down manufacturing and assembly
time, we analyzed our design for manufacture gbilWe used standard material shapes, like
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tubes and rods, for all of the components of owigie This allows parts to be easily ordered
from suppliers, and reduces machining time. We alssd standard dimensions, allowing us to
easily find the required tools such as drill biEsr example, for the tubing inside of the housing
we designed the holes to use a standard %" dtillWe avoided long, bent holes to reduce
manufacturing difficulties. Our original design leal for a bent hole in the Calrod housing,
which we realized would not be possible to mactaneurately. We avoided this problem by
having the tubing connected to the Calrod maketuhe instead of an internal hole. We also
considered a varying wall thickness on the watek ta increase the volume of the water tank
while still fitting internal tubing in the walls. Ararying wall thickness is difficult to machine,
and we eliminated this problem by using a tubedmsif the water tank instead of holes through
the wall. This allowed us to use a uniform andnkinwall thickness.

7.9 Design for Environment

We also considered the environment when finalizowg design. In order to reduce the
environmental footprint of our product, we usedesgable materials such as polypropylene and
polycarbonate. We reduced the use of consumablesakyng a reusable filter. We also reduced
energy consumption by choosing a Calrod with aroraatic heat shutoff system. Our final
design integrates product functions by includingebeat option, and is easy to maintain and
replace parts for repair, eliminating the needuccpase an entire new product when something
fails.

8. Final Design
8.1 Final Prototype Design

Figures of the final prototype design assembly smaividual components can be seen in the
following section. Changes have mainly been madtéofilter and water tank. We chose to
alter the design of these parts per a request ospaonsor, April Bryan, to help minimize user
safety hazards and maximize the functionality @f tbffee maker. To redesign these parts, we
focused on integrating the filter into the insidietloe water tank. We also chose to move any
exposed tubing outside the coffee maker to thelent prevent burning the user.

We will be able to manufacture our final designworking, full-scale prototype form using

materials listed in the Bill of Materials (BOM) iRigure 32 and traditional manufacturing
methods seen in the Manufacturing section.
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Figure 34 — Isometric View of Assembled Figure 35 — Isometric View of Collapsed

Coffee Maker Coffee Maker

The final prototype design collapses very similarthe selected final concept design. To

collapse, simply remove the water tank permanet$ from its holes located at the edge of the
casing. Then, slightly rotate the casing and ptaeepermanent rods in the holes located in the
door and casing. The figures help illustrate thkapsing of the water tank into the rest of the

coffee maker.

Figure 36 — View of Water Tank Collapsing  Figure 37 — Semi-collapsed View of Coffee
into Coffee Mug Maker Assembly
8.2 Individual Components

Below are figures of the individual componentstod toffee maker. These components are very
similar to the original components discussed in 8sdected Concept section. As mentioned
above, we decided integrate the filter and watek teo improve functionality and prevent
burning. For the purpose of clarity, we have sefedr#she filter and water tank images for the
purpose of this report only. They will appear as part in the final prototype.

46



Figure 38 - Isometric View of Coffee Mug Figure 39 - Isometric View of Water Tank

Figure 40 - Isometric View of Casing Figure 41 - Isometric View of Casing Door

Figure 42 - Isometric View of Heating Figure 43 - Isometric View of Filter
Element

8.3 Changes to Selected Concept

Integration of the Filter and Water TanKo integrate the filter and water tank, we foclisa
keeping a relatively similar filter shape while m@ining adequate volume of both the water
tank and the filter. This will allow the coffee nmekto hold enough water and coffee grounds to
make the desired 473 mL (16 oz.) of brewed coffém filter will be placed towards the top of
the water tank and will have a lid to keep any watgt that may try to enter through the top of
the filter. Hot water will enter through the batiside of the water tank, travel up a tube located
on the side of the water tank, and then sprayed ttneecoffee grounds. The lid on the filter will
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keep any hot water from flying out of the tank gadentially harming users. A schematic of this
water flow can be seen in Figure 45.

Figure 44 - Integrated Filter and Water Figure 45 - Schematic of Prototype Water
Tank Flow

Integration of the filter and water tank will alsiacrease the manufacturability of our coffee
maker. Previously, the filter and water tank wolbéconnected by the filter sliding in and out
of the water tank. This would require manufactutyadf of the filter and then assembling it with
the water tank, similar to how a dresser drawerkaoBy integrating the filter and water tank,
we are able to fix the filter to the top of the emtank. This will improve manufacturability
because we will not have to worry about the prelosieg of holes for water flow when the filter
slides. With the integration of the two parts, bimdes that allow for water or coffee ground flow
will be fixed and not require precise dimensions.

Replacement of Spring-loaded Sealing Mechanisnis @4tings. After considering solutions to
help minimize leaking both during use and transped have decided to switch from spring-
loaded sealing mechanisms (as seen in Figure 3pmlard O-rings and dimensions with tight
tolerances where there is critical fluid flow. Figu6 shows where O-rings will be used in our
prototype, however, due to the complexity of ousige, O-ring location may be hard to see.
The locations of O-rings are mainly where therang tubing that is broken into parts and then
there will be an O-ring to help seal the tubing wiige pieces are fit together. For example, we
will use an O-ring to help seal the cold and hotewv&ubes in the casing to the water tank. This
solution should allow for leak-free fluid transpamd will not be limited by the dimensions of
the spring-loaded sealing mechanism. Furthermbeerdplacement of the spring-loaded sealing
mechanism with O-rings should reduce both protoge mass production cost.
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O-ring
locations

Figure 46 - Location of O-rings

Replacement of Telescoping Poles with Permanens.Réar our final prototype, we decided to
replace the telescoping poles on the side of thentank with permanent rods. The main reason
for this change is because we desired very smiakbdeping rods, smaller than what we were
able to find after consulting several internet sear The same function of the telescoping poles
can be achieved using permanent rods which alseepgmhave some added benefits and will not
require us to the spring-loaded push pins as meedi@arlier in the report. Permanent rods allow
for easy removal of the water tank and filter tokenaleaning easier. These rods will also ensure
that when the coffee maker is in its fully collapgeosition, the two rods will accompany the
hinge and lock in securing the door to the casmgimply playing the rods in their “brewing
position holes” or their “collapsed position hotesThese holes are drilled to a certain desired
depth and then the rods are inserted in one ofwbesets of holes depending on whether you
desire to brew coffee or collapse the coffee maHdérs can bee seen in Figure 47 below.

Permanent Ro

Figure 47 - Permanent Rods to Secure Casing Door
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8.4 Engineering Drawings

Figures 48 and 49 below show the coffee maker asigesn Engineering drawings of the
individual coffee maker components can be seenppefdix K. Dimensions of these drawings
were determined based of our original engineerpgcsications given to us by our sponsor,
April Bryan. Important engineering specificatiorssich as coffee brew volume and volume of
coffee grounds, determined other dimensions ofcoffiee maker. We needed to make sure that
our final design would be able to meet these hgavdighted engineering specifications. Other
important dimensions were hole sizes and the wadkhess of the casing. Furthermore, to
ensure that our water tank would be able to cadlaps our coffee mug, we had to make sure
that there the outer diameter of the water tank slightly smaller than the inner diameter of the
coffee mug so they would easily fit into each otlexplanations for these engineering drawing
tolerances can be seen in the Engineering Anadgsion above. All dimensions are in inches.
Inches were used because this was the measuremiénised by our material suppliers and
machines used for manufacturing.
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Figure 49 - Engineering Drawing of Coffee Maker Assmbly
8.5 Achieved Engineering Specifications

The table below shows our original engineering sjppations, whether our prototype has met
these engineering specifications and if so, how tirere achieved.

Table 5 - Achieved Engineering Specifications

Engineering Target Value Specification Description
Specification (Actual) Achieved?
No. of Hazards 0 Y Internal tubing and
(0) heating element.
Removal of reheat
hot plate
Volume Leakage 0O mL Y O-rings with tight
(0 mL) dimensional
tolerances
Volume of Coffee 473 mL Y Adequate water
(490 mL) tank volume
Volume of Grounds 40 chn Y Adequate filter
(40 cm) volume
Brew Temperature 9xC Y Use of existing
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(98°C) coffee maker
heating element
Travel Volume 2300 cnf Y Collapsible water
(2262 cm) tank into coffee
maker casing
Brew Time 300 s Y Use of existing
(266 s) coffee maker
heating element
No. of Parts 6 Y Integration of filter
(3) and water tank
Decibel Level 50 dB Y Internal tubing and
(35 dB) calrod housing
Weight 1.8 kg Y Thermoplastic
(1.2 kg) material with low
density
Reheat Temperature (]0% N Removal of hot
(45°C) plate to reduce
safety hazards
Price $35 Y 500,000 cycle mold
($22) with 2 cavities
No. of Colors 4 N Use of dyes with
(3) injection molding

As you can see from the above table, our finalgiype meets the majority of our engineering
specifications. We did not meet the specificatiohthe reheat plate; however, this specification
was weighted with little importance in our QFD diag (see Figure 5) and was likely the result
of changing the hot plate material from aluminunsteel. We also did not meet the customer
specification of No. of Colors because of the diffiy in painting individual pieces after
assembly. To determine if our final design meetsdhgineering specifications of Price (mass
production), No. of Colors, Decibel Level, and Wigve need to perform prototype testing and
a mass production cost analysis. We were alserumar $400 prototype by about $150, which
puts the total cost of our prototype at about $250.

9. Manufacturing and Testing Plan
9.1 Prototype Manufacturing

Due to the large number of parts required by thalfdesign, manufacturing processes will play
a major part in our project. Following the correctlers of operations will be imperative to
ensure a successful final prototype. We have datedrand described these operation orders for
each component, as seen in the process plan shelppendix L. As can also be seen in these
process plans, no one component is very compleweer, the large number of components,
and the interaction of these components preserteultly and basis for much of the
manufacturing work.
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Very few components of the prototype design will foperchased or used from other coffee
makers. The components that will be include thdihgalement, supporting electronics and a
one-way valve. All of these components will be rak@m an existing coffee maker model, the
Mr. Coffee TF4. There will also be one plasticifitt which will be purchased at a hardware
store, which will be used to connect tubing. Thexgp and other assembly tools needed, will
also be purchased from the hardware store.

The components of our design that we manufactureetues will include the main housing,
main housing door, water tank, filter compartméditier, guide rods, guide rod supports, Calrod
housing, hot plate, all lids and all the tubing eTHotplate will be manufactured using 1/8” steel
sheet, while the rest of the components will be ufastured using high temperature, plastic
materials. The main housing, main housing doaerfitcompartment, Calrod housing and lids
will be manufactured using Polypropylene. The remmg) components will be manufactured
using Polycarbonate materials. The reason forweedifferent plastics is due to availability and
price of the stock material needed for certain comemts. Both materials have an operating
range well above 206F as described previously. All material stock wil ordered from
McMaster-Carr, no later than November™12007, to allow for manufacturing to begin on
November 18, 2007.

9.2 Mass Production

Although our design requires a large number ofviddial components, mass production of our
design would utilize an entirely different manufaag process. Injection molding would vastly
simplify manufacturing, as the entire design cob&l produced with as little as two molds.
Furthermore, injection molding could also allow donew interface design between the main
housing and water tank, leading to better functad reliability. Injection molding would also
allow for an improved telescoping mechanism, elatimy the need to remove the water tank
entirely. Finally, injection molding would also @ dimensions to be optimized and more
aesthetically appealing shapes and colors to & use

In addition to injection molding, with mass prodoat a heating element which was tailored to
the design application could be developed. Thislevallow for decreased energy use, decreased
operation cost and a decrease in the overall ptmafucost of our product. All of these mass
production improvements would lead to faster proiductime and lower manufacturing costs,
allowing the final product to be competitive witther models on the market. Mass production
would also use all recyclable materials to impreagironmental “friendliness” of product.

Performing some cost analysis for our desired npaisguction, we would be able to use a
500,000 cycle mold with 2 cavities per mold for onedium complexity coffee maker pieces.
We would continue to use polypropylene with injentimolding, which would be the primary
cost of our mass production. The table below sunz@sour mass production calculations [7].

The category of Other below accounts for thingshsas hinges (latches would be snap-fit
mechanisms), thermal paste, and dyes to improvea#isthetics. We found that using this
process, we could produce our coffee maker for@pprately $22.
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Table 6 — Mass Production Summary

Material Type Polypropylene
Mold 500,000 cycles
Process Cost $1.00
Materials $15.000
Tooling Cost $0.05

Heating Element $5.00

Other $1.00

Total Cost $22.05

9.3 Future Improvements

The functionality of our design was exactly how w¢ended and leaves little room for
improvement. Focusing on the aesthetics and reguthe overall volume of the product
however are the main areas that could be impropedh.uThe overall dimensions of the coffee
cup and water tank could be altered to produceelebut taller overall size. This would make
it easier to fit into something like a backpacksa\lif the design were injection molded tighter
tolerances could be held and the overall volumehef coffee maker would be significantly
reduced.

The aesthetics of the design could be improved upopossibly eliminating sharp edges with
rounded ones, or implementing a tapered designhenotiter housing. If it were injection
molded the cylindrical shape could be re-desigonatprove aesthetic appeal.

9.4 Testing Plan

As with any design prototype, thorough testingta final prototype will be required to ensure
all design requirements are met, and necessaryiwaprents can be made. Upon completion of
our prototype, we plan to test our prototype far fbllowing; proper function, brew time, brew
capacity, brew temperature and cooling time of leewoffee.

Proper Function For proper function, the prototype must be ablétew without any leaks
forming. If leaks were to form, sealing at liquidterfaces would be improved until leaks cease.
To test for leaks, we ran the coffee maker undemab conditions and inspected the coffee
maker for any leaks. At the end of manufacturmgy, prototype had a leakage volume of O mL,
fully meeting our engineering specification.

Brew Time To test brew time, the prototype must averagesw ime less than five minutes. If
test for brew time fails, it is possible to repldabe heating element to decrease the brew time.
This can be accomplished by either increasing tierwe of the heating element, or increasing
the power input to the heating elemewiter performing several test runs for the coffeaker
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we found the average time to brew 473 mL of coff@®,266 seconds or 4 minutes and 26
seconds.

Brew Capacity The test for brew capacity will test for the vole of coffee brewed, to ensure
the final volume of coffee is at least sixteendlwunces. If this final brewed coffee volume is
found to be less than the required amount, thedizke water tank can be increased, although
this would be dependant on the amount of time abll We ran our coffee maker with the
desired engineering specifications of approximab®§ mL of water (enough to brew 473 mL of
coffee with saturation through 40 Zmf coffee grounds). After brewing, we found thae th
coffee maker brewed 490 ml which exceeds the mimramount of 473 mL of coffee.

Brew TemperatureBrew temperature as previously defined in theore the temperature of
the water leaving the heating element. Measurirdy sutemperature would require the use of a
thermocouple which is not feasible for our projediowever because we used the heating
element from the Mr. Coffee Maker T4 coffee makerthought it reasonable to assume that this
heating element was designed for the desirable teeyerature of 93 °C.

Cooling Time While no specific requirements were created gemgiabout the cooling time of
our coffee, with the elimination of the reheat optiwe want to ensure the brewed coffee does
no lose heat too quickly. To accomplish this, w# measure the variation of coffee temperature
with time, beginning as soon as the coffee is btewfecooling time is determined to be to short,
changes can be made to the coffee cup to incréesepériod of time, most likely thermal
properties. To measure the cooling time of the coffee, we ttektemperature of the brewed
coffee immediately after it was made. Temperatwes: taken every minute until the coffee
maker reached room temperature. After performimg test, we determined that the coffee
reached approximately room temperature @after approximately 20 minutes.

Decibel Level To test the decibel level of our prototype, wil wse a decibel meter and
monitor the coffee maker throughout the coffee mgkprocess. We will compare this with
current coffee maker data to see if there is angenoeduction due to internalized filter
components.Using a decibel meter to measure the approximateuatrof noise made by the
coffee maker during brewing, we found that the mmaxn amount of decibels emitted by the
coffee maker when running was 35 dB, approximatbé noise level of an office. This is
approximately a 15 dB reduction from current desigrhich is desirable for a quiet library
atmosphere.

9.5 Engineering Change Notice

As we began manufacturing, difficulties arose tieguired us to change our final design. These
changes were made both to simplify our design asg ¢he manufacturing process. The largest
of these changes was eliminating the sliding motibthe filter box so that the filter box was
stationary within the water tank. This was donecliminate the possibility of leakage at the
opening where the filter box came through the waek wall and didn’t affect the designs
collapsed height. Making the filter box stationaigo allowed us to replace two sliding tube
interfaces with two stationary interfaces making fimal design more robust. The second change
we made was to eliminate the hot plate per suggestof design review 4. We decided to
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eliminate the hot plate for two reasons. First, tiegterial used for the cup was chosen for its
ability to resist heat conduction. Therefore it Wboot serve as a good conductor between the
hot plate and coffee, and changing to a more cdngumaterial would pose a safety hazard.
Second, the volume we are brewing is sufficienthalh and is intended to be consumed in one
sitting, a time frame which the cup is capable eéfing the coffee hot for. However a steel hot
plate was used in place of the aluminum hot platabse it was rigid and fit the thin profile that
we had planned for the aluminum hot plate and haduah lower thermal conductivity thus
posing no hazard to the user. The third change rtader final design was eliminating the lid
latch and threads and manufacturing the lid assgre® eliminate additional parts and assembly
processes. Lastly, the casing door was cut ¥2’vbé@m®top surface opposed to through the top
surface as planned. This was done to better sugipowater tank when the door is opened and
to add aesthetic appeal.

10. Project Plan

For the first month of our project our tasks anelirtttompletion were determined primarily by

the ME 450 class timeline and our sponsor’s reguebhus far the team has been able to
complete all tasks assigned within their respectineelines. As we continue further into the

design stage, the tasks necessary to the complatioar project will be less universal and more
specific to our group. To help our understandingvbét these tasks are and how they fit into the
timeline of the semester, we created a Gantt ¢Appendix C).

The Gantt chart shows a timeline for our projeotrfrinitial research to prototype completion

and display at the design expo. While many tasksbza simultaneously completed, there are
essentially four stages to our project whose oislerucial to a successful final product. These
stages are research, design, prototyping, andweWe have finished the research and design
stages. We have finished the engineering analpgsi) quantitative and qualitative, and have
begun manufacturing our prototype.

The completion of this report signifies the endoof collapsible coffee maker senior design
project.

11. Conclusions

Through market research and customer surveys wme\whsed a demand for portable coffee
makers amongst college students and a lack of pumttucts in the current market. We then
benchmarked and disassembled coffee makers cyranthe market to better understand their
technology and what should be expected from outapta coffee maker. Compiling this test
data, with suggestions from our sponsor and sumesults, we developed 13 customer
requirements. With these requirements we detedremgineering specifications for our project.
Understanding what is necessary for our projectthemn laid out a plan to guide our work
through the rest of the semester.

After performing a functional analysis using a FAG@&gram, developing individual concept

ideas using a morphological chart, and evaluatinghaghly-refined design ideas using a Pugh
chart, we were able to arrive at 2 final designcemts. These 2 concepts, which can be found in
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the Selected Concepts section above, consistedeotallapsible design and one non-collapsible
design. After further discussion with our sponggril Bryan, our senior design professor,
Yoram Koren, and a discussion with our peers, werdened that selected concept #2 (enclosed
cup) was the most favorable design.

Next, we refined our selected concept through tatale analysis such as designing for
manufacturability, designing for the environmemgd dailure mode effect analysis. We further
performed quantitative analysis through heat temshlculations and moment balances to
determine both dimensions and physical propertiesequired materials. After completely
refining our concept into a final design, we proeldienanufacturing plans and ordered materials
to begin prototyping.

From initial research to a final prototype, wewailned a great deal about the design process.
It's a long and grueling progression, with the ssscof each step depending critically on all of
the previous steps. Performing an initial thorouggearch and benchmark testing allowed us to
formulate accurate customer requirements. Thesee viken translated into engineering
specifications, allowing us to produce feasible gamts satisfying the required specifications.
With various quality concepts we were able to comaband select the best aspects of each to
form a single design. We then analyzed this desigd formed a final design, ready for
manufacturing. Investing time and effort in evetgpsallowed us to create a successful prototype
and final design ready for mass production.
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14. Bios
Kyle Dart

My name is Kyle Dart and | was born and
raised in southwest Michigan, about one and a
half hours directly west of Ann Arbor. | grew
up on golf courses, the family business, and as
a result like to golf and drive golf carts around.
| also played many other sports growing up,
including soccer, tennis, baseball, basketball,
and hockey. When | was sixteen, | got my first
car which was a GMC pickup truck. Since
then, | have developed a strong interest in all
cars, and specific interest in classic cars. | am a
member of MRacing, the Formula SAE team,
and | worked for automotive restoration
company during the summer. | have also
restored my own cars and helped with friends.
My strong interest in cars is what led me to be
a Mechanical Engineer. | hope to find a career
in the automotive industry, working with drive
train manufacturing. | would like to get an
MBA, and eventually open my own business,
in either automotive restoration or real estate
development/management.

Tyler Howard

My name is Tyler Howard. | was born and raised in
Kalamazoo, MI. | have one older brother, Chad wihihe
last year and a half graduated and got marrietiaadias
been a lot of fun. Despite only having one sihlihstill
have a huge family and they are a big part of fiey Il also
have a girlfriend of almost six years. She atte@ond
Valley State University in Allendale, MI.

| decided to become a mechanical engineer becdusg o
interest in cars and overall curiosity in how thengork. |
think mechanical engineering stood out over otligriplines simply because of my interest in
the automotive industry. Over the summer | workedParker Hannifin in Otsego, Michigan in
their research and design department. My mairstasiolved creating 3d models of brass
fittings for industrial trucks from engineering drags. | enjoyed the job and it was my first
internship so | learned a lot from it. | am cutkgnrvorking for SABO USA who provides liquid
seals for the big three and a few other compariigtarted there in August and have been
working part time through the school year. | neathjoy my job and the people | work with and
wouldn’t mind beginning my career there or withimig&r company. Through SABO | have
gotten a lot more experience in how industry wdhtsugh plant visits and sales meetings. It
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has been a lot different than my experience wittk&amainly because our office for SABO has
only twenty people. | think it is really nice todw everyone you are working with on such a
personal level.

| am excited for graduation although like everyefse | don’t know what to expect. I'd like to
stay around Michigan for the time being becausapfamily ties and also my girlfriend. Once
| find a job and get settled in I'd like to look@a masters program, in something like
engineering management. Later on I'd also likgegbmy teaching degree to teach math or
maybe something more hands on like drafting orraotere class. | think teaching would be a
really rewarding experience and a great way to gaek.

Kurt McFarlane

Kurt is from Romeo, MI, a town about 30 minutesthaf Detroit, Ml. He is a graduate of
Romeo High School where he was a member of theitydrgcrosse team, a reporter for the
school newspaper, and also took several clasddatimand Science. He will be graduating in
December 2007 with a degree in Mechanical Engingeand a minor in Mathematics.

During summer 2007, Kurt worked in Dubuque, IA assagineering intern for John Deere &
Company. Dubuque, IA is located right where lli;yd/Nisconsin, and lowa meet on the
Mississippi river. During this experience, Kurtsxable to work on several projects pertaining
to construction & forestry equipment, including tieelesign of several Backhoe Loader
components. In addition to helping with the engnireg of these products, Kurt was also able to
drive several of the construction and forestry poqueint. His favorite piece of equipment to
operate was the John Deere 450 D Excavator antréia&ed Feller Buncher. He liked these
machines because they were the most interactivethat environment. With the Excavator, you
are able to move large amounts of dirt in a snmabhant of time. With the tracked feller
buncher, you are able to harvest and group laggs tin a small amount of time.

After graduation, Kurt hopes to pursue a care@raduct design or control system design for a
large, multinational corporation. In his sparedjrfurt enjoys a wide variety of activities,
ranging from volunteering in the community to tragistocks and options.

Matt Plunkett

| was born in the NYC suburb of Harringto
Park, New Jersey. Both of my parents gre
up in Harrington Park and still currently liv
there. | have an older sister currently teach
in West Palm Beach, Florida, and a young
brother in high school.

| attended Old Tappan High School where =
became interested in subjects like mapiEs
physics, and technical drawing. | alwayisss
knew growing up | would become a
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engineer or an architect, and ultimately decidedm@thanical engineering. | chose Michigan

because | wanted a school that could provide bagboal education and a good sports program. |
am an avid football fan, having played from tH¥ grade through High School and having

attended New York Jet games throughout my life.

I've worked at a local country club for 7 yearstbatddying and working in the bag-room. In
the summer of 2006, | participated in a 6-week ptalbroad program in Berlin, Germany. The
following summer of 2007, | obtained in internsknph Porsche in Leipzig, Germany. | worked
there for 3 months in the program planning and mdmtepartment at their Cayenne factory. |
simulated production lines, worked a little bit wiPLCs, and created algorithms for unloading
car bodies from a train. Following the internshipaveled to Italy for 2 weeks (Picture is taken
in Florence) and Ireland for a week with my family.

In the next coming months | hope to obtain a jothendefense industry or a government agency
working with control systems and perhaps utilizmg knowledge of German. | plan to minor in
Mathematics and continue taking German languagseta As far as hobbies go, | enjoy reading
classical literature and modern non-fiction, andkiry on and building computers.
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Appendix A - Full Comparison Test Results

Model
Cuisinart 10 Cup

Braun 4 Cup

Mr. Coffee 4 Cup

Sanyo 6 Cup

Avg.

Grinds

Folgers Coffeehouse Series Breakfast Blend (Mild)
Folgers Coffeehouse Series Gourmet Supreme
Folgers Coffeehouse Series 100% Columbian
Meijer House Blend Coffee

Folgers Coffeehouse Series Breakfast Blend (Mild)
Folgers Coffeehouse Series Gourmet Supreme
Folgers Coffeehouse Series 100% Columbian
Meijer House Blend Coffee

Folgers Coffeehouse Series Breakfast Blend (Mild)
Folgers Coffeehouse Series Gourmet Supreme
Folgers Coffeehouse Series 100% Columbian
Meijer House Blend Coffee

Folgers Coffeehouse Series Breakfast Blend (Mild)
Folgers Coffeehouse Series Gourmet Supreme
Folgers Coffeehouse Series 100% Columbian
Meijer House Blend Coffee

Volume In

(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)

(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)

(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)

(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)
(1.5 fl. Cups)

1.25 fl cups
N/A
1.25 fl cups
1.25 fl cups

1.125 fl cups
N/A
1.25 fl cups
1.25 fl cups

1.25 fl cups
1.125 fl cups
1.375 fl cups
1.25 fl cups

1.125 fl Cups
0.875 fl cups
1.125 fl cups
1.25 fl cups

2 level thsp.
2 level thsp.
2 level thsp.
2 level thsp.

2 level thsp.
2 level thsp.
2 level thsp.
2 level thsp.

2 level thsp.
2 level thsp.
2 level thsp.
2 level thsp.

Volume Out Volume Grinds Biewing Time Coffee
2 level thsp.
2 level thsp.
2 level thsp.
2 level thsp.

~4:30
3:29
3:00
4:47

~4:10
3:34
3:40
3:32

~5:00
3:47
3:47
4:00

~4:00
6:55
2:55
3:10

Temp Reheat Temp Avg. Time Avg. Temp

140*
138*
131*
140*

130*
130*
134
138*

140*
130*
120*
125*

130*
120*
138*
130*

142*

139*

3:57

3:44

4:08

4:15

4:01

137

133

129

130

132

Model

Braun 4 Cup

Mr. Coffee

REHEAT PLATES

Time

10 min
17 min

10 min

12 0z = 1.5 fl cups = 2 cups of coffee

Temp

138*
146*

142
135*
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Appendix B - Preliminary Power Calculations
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Appendix C - Gantt Chart
ME 450 Portable Coffee Maker Project Gantt Chart

Items

Fall Break 15th & 16th

Thanksgiving Break 22nd and 23rd

Week
of Sept

Week
of Sept
16

Week
of Sept
23

Week of
Sept 30

Week | Week | Week
of Oct | of Oct | of Oct
7 14 21

Week
of Oct
28

Week
of Nov

Week | Week | Week | Week
of Nov | of Nov | of Nov | of Dec
11 18 25 2nd

Week
of Dec
9th

Week
of Dec
16

Research Literature/Patents

Benchmark Competition

Product Dissection

Survey Customer

Preliminary Design Sketches

Develop Customer Req.

Develop Engineering Specs.

Complete QFD

Complete Gantt

Write Design Review #1 Report

Design Review #1

Functional Decomposition

Evaluate Preliminary Designs

Select Conceptual Design

Write Design Review #2 Report

Design Review #2

Create Engineering Drawings

Finalize Design

Select Materials

Write Design Review #3 Report

Design Review #3

Create Machining Plans

Create Prototype

Write Design Review #4 Report

Design Review #4

Create Design Expo Poster

Design Expo Presentation

Final Report

Matt's Exams

Kurt's Exams

Kyle's Exams

Tylers Exams
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Appendix D — All Conceptual Designs

Collapsible Concept 1.
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Collapsible Concept 6.
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Non-collapsible Concept 1.

11

Project No. 2z

TITLE _,A._@_@b"% _‘%_@5\!&@9@1}"’

From Page

Tl | ||

stood by me, | Date | Invented by: Date

Vitnessed & Und
|  —

| Recorded by:
|
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Non-collapsible Concept 2.

Non-collapsible Concept




Non-collapsible Concept 4.
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Appendix E - Survey
1. How often do you drink coffee?
<1 cup day 1-2 cups/day 3-4 cups/day 5+ cayys/d
2. How much do you spend per week buying coffee froffee shops?
< $10 $10 - $25 $25 - $40 $40+
3. How many times per week do you want coffee wherfeeo$hops are unavailable?
<1 1-2 3-4 5+
4. If a portable coffee maker existed would you coesjlurchasing it?
Yes No
5. Please rank the following coffee maker feature®uting to their importance to you:
(1=Very Important 2=Important 3=No Opinion Met Important 5=Care Less)
-Brewing Time 2
-Maintenance 2
-Number of Cups Made 1
-Reheat Option 2
-Price

1
-Size 1
-Weight 1
1
1

wWNWw
W wWww
w RS ENEN

PN NI NN

a9 a;m

-Noise
-Aesthetics
-Other 1 2 3

o RN NN
P oo o

ul

6. If a functioning coffee maker could fit into thelltowing forms, which shape would you
be most likely to carry with you (Rank: 1=Most Like. 3=Least Likely).
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Appendix F — Survey Results

Respondents 52
1 How often do you drink coffee?
"<1" "1-2" "3-4" "5+"
20 23 6 3
2 How much do you spend per week buying coffee fronotfee shops?
"<10%" "10-25%" "25-40$" "40$+"
29 21 1 1
How many times per week do you want coffee when d¢eé shops are
3 unavailable?
"<1" "1-2" "3-4" "5+"
23 22 6 1
4 If a portable coffee maker existed would you conseat purchasing it?
YES NO
32 20
5 Very Important Important Indifferent Not Important Care Less
Brew Time 11 17 5 3 2
Maintenance 13 15 9 1 0
Number of
Cups 3 15 11 6 2
Reheat 4 4 7 18 4
Price 13 19 4 1 2
Size 15 17 5 2 1
Weight 9 15 7 5 2
Noise 5 19 6 6 4
Aesthetics 5 4 7 13 2
Most Prefered Shape
6 Book Shape Cube Cylinder
9 2 41
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Appendix G — Tolerance Stack Up
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Appendix H - Original Hotplate Heat Analysis

R thermal paste R ot plate R cup base
T catrod T plate,bottom T plate,top T coffee
R=L/(kxA)

Req = R thermal paste + R hot plate + R cup base

k — thermal conductivity
L — thickness

A - contact area Q = (T calrod = T coffee) / Req
Thickness Thermal Conductivity Area Resistance
{ml (Wrmk) (rt2) (KAW]
Cup Base 0.003175 237 0006207167 0.002158251
Hot Plate 0.003175 237 0005207167 0.002158251
Thermal Paste (0.0004 0.7542 0002177415 0.243574743
T calrod 160 degres C Req 0.247891245 (KA
T coffee B0 degree C
Calrod Power &OO W Q=(T calrod-T coffee}/Req
Assumes Efficiency 0.6723375 % Q 4034027096 W

(Assumes negligible contact resistance between cup base and hotplate)
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Appendix | - Modified Hotplate Heat Analysis

R thermal paste R hot plate
T catrod T plate,bottom T Hotplate
Thickness Thermal Conductivity Area Resistance
(r) (W) (m"Z) (KA
Hot Plate 0.003175 15 0.006207 167 | 0.034100365
Thermal Paste| 0.0004 0.7542 0.002177415  0.243574743
T calrod 160 degree Req 0277675111 (KA
T Hotplate 47935108 degree C T Hotplate=T calrod - 0*Req
Calrod Power B00 W Q=CalrodPowerEfficiency
Assumes Efficiency 06723378 % Q 4034027096 W'
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Appendix J - Cool-down Heat Analysis

Polypropylene
Polycarhonate

T inside
h air
T air

q(c:‘\\r N C\ C__Q\‘\(_'_\

Thickness
{rl
0.003175
0.003175

83
&00
23

Thermal Conductivity T outside

W ) degres
0.4 37 08805031
0.1 3117802503
degree &
W' 2R
degree

Temperature of air assumed to be room tempera23réQ)
Convection Coefficient of air assumed to be 500 W2/

Temperature of inside of tank assumed to be thestahe water can get (93 °C)
Thermal Conductivities taken as the upper-bounchfwovw.matweb.com
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Appendix K — Engineering Drawings

2507 Lo .m0y

':Foler:ranc.ges r‘En:lt :Show:n CII_EB :5.052:5"

0 S S

78



Door

B e A

.33

'S{?EO":":""

P A P

2507

T E-omroEmecafcoasccnccncccoeeoueeooooeostonocaocacaanaasan:

3.250—

'ESLSQU"""'"'”'""""'”""""“""""'”"""""”

-, 0B2E" |

Dimgnsion are

Al

79



Calrod Housing
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Water Tank and Filter
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Guide Rods and Support
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Coffee Mug
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Water Tank Lid
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Appendix L — Process Plan Sheets

Part: Main Housing
Purchased

Components: Polypropelene rod stock- B Dia.

# | Machine or Device | Activity or Tool Fixture Parameters Feed/Speed Rate| Time (hr)
1 |Horinzontal band saw| Wice Cutrod to 7" length 400 ft's 025
2 |Lathe Cutting tool Cross slide  |Face end of rod 600 RP 025
3 |Lathe Center dril Tail stock Drill center hole in end of rod for live center 600 RP 025
) . " . . \ 500 RP
4 |Lathe Cutting tool Cross slide  |Turn rod to 55" outer diarneter (OD), with steps of 0.05 0.05" depthicut 2
5 |Lathe Cirill bit Tail stock  |Drill 1" diarmeter hole in center of rod to 45" depth 500 RPM 0zs
. . . " 500 RPM
6 |Lathe Boring bar Cross slide  |Fromtop, bore 35" diameter hole to 0.5" depth 0.05" de pthicut
. ) W f 500 RPM
7 |Lathe Boring bar Cross slide  |From bottomn, bore 45" diameter hole to 3.75" depth 0.05" de pthicut 050
’ . ) From top, drill two 0.25"diameter holes centered on cylinder
oIl [T DLt T wall, 1" deep, located +90° and -90° from reference 17 OIS 05
. T ] From top, drill two 0.25"diameter holes centered on cylinder
el Riillpiess DAL vt wall, 4" deep, located +105% and -75° from reference 1% EUIE s
From bottom, dril two 0.25" diameter holes centered on
10| Drill press Drill bit Vice cylinder wall, 4" deep, located +15% and -15° fram reference 500 RPM 05
1%
11 |Band saw Vice Cut cylmder*from top to bottorn, tangent and offset 3" from 400 s 025
reference 1
’ . - Drrill two 0 25" diameter holes, perpendicular to cylinder
il iees DL i wall, to connect to holes drilled in step #10 LR i
13 (i End mill Vice In smaller cyclinder piece (main housing door) mill through B00 REM 025
slot centered on workpiece
Part: Water tank
Polycarbonate tube, 3.5" OD w/ 0.258" wall thickne ss
Purchased Palypropylens rod, 3.58" 00D
Components: Polycarbonate sheet, 0.258"
# Machine or Device | Activity or Tool | Fixture Parameters Feed/Speed Rate | Time (hr)
1 Haorinzontal band saw Yice Cuttube to 475" length 400 ft's 0.25
5 |Lathe Cutting taal Ehrjjs Face end of rad BO0 RPM 0.25
. Cross " 600 RPM - D.05"
3 Lathe Cutting tool clide Turn rod to 3.5" 0D depthcut 05
4 |Lethe Parting taal Enr;ss Cutrod to 0.125" length BO0 RPM 04
5 Aszembly Epouy Yice Attach 0.125" rod to end of tube with epoxy 05
Drrill twea 025" diameter holes, located on bottom of
Drill press Drill bit Wice water tank wall, 30° apart aligned with main housing 600 RPM 05
5] interface holes
On water tank floor, drill 0 25" diamter hole, located
0.75" fram inner wall aligned with fiter compartment 600 RPM 0.25
7 Drill press Drill bit Vice output
Attach filter compartment to water tank wall, located
Assembly Epoxy Yice flush with top of water tank, aligned with water tank
8 output 05
) Attach tubing from water tank input hole to filter
9 eanl Epaxy e compartment input hole 05
10 Laser cutter Cut quide rod suppors 0.2
11 Horinzontal band saw Yice CutD.25" 0D Polycarbonate rod to 5" length 400 ft's 0.25
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Part: Filter Compartment
Purchased Polypropylene rod, 35" 0D
Components: Polycarbonate tube, 0.5" 00 025" 1D

# | Machine orDevice | Activity or Tool Fixture Parameters Feed/Speed Rate
1 [Horinzontal band saw Wice Cut 3.5" 0D rod to 3" length 400 ftisec
2 |Horinzontal band saw ice Cut rod in half lengthwise 400 fthsec
3 (Ml End mill Wice Face end of workpiece 500 RPM
4 Ml End mill Wice Wil wearkpiece to 2.5" width, leaving small arc 500 RPM
S (il End mill ice Will cavity in workpiece, leaving wall thickness of 0.125" 500 RP
5 |Mill End mill Wice Face warkpiece to 2.5" length 500 RPM
. s On fiter compartment floor, drill 0 25" diameter hole, offset
|G . Nt 0.75" from curved wall and centered horizantally IS
5 |Band saw Cut tubing to 2.125" length 500 RPM

Part: Calrod Housing
Purchas ed
Components: Polypropylene rod, 6" 0D , 0.030" sheet steel

# LG I!le or Activity or Fixture Parameters Feed/Speed Time {hr}
D evice Tool Rate
q|Horinzontalband Vice  [Cutrod to 3" length 400 s 025
2|Lathe Cutting tool Cross slide |Face end of rod B00 RP 0.25
. . \ 600 R P
3|Lathe Cutting tool Cross slide  |Tum rod to 55" 0D 0.05" depthicut 1
4 |Lathe Drill bit Tailstock Drill 1" diameter center hole, 2.5" deep BOO RPM 0.25
. . . " 600 R P
g|Lathe Boring bar Crogs slide  |Bore to 425" diameter, 1" deep 0.05" depthicut 1
GlLathe Parting tool Cross slide  |Cutrod to 1.25" length EO0 RPM 0.5
7|2hear Shear Cut heatlng element heat shields to shape of 15
heating element
alshear Shear Cut h_ut plate to shape of Calrod housing ]
opening
Part: Cup
Purchased Polycarbonate tube, 4 5" OD w/0.25" wall thickness
Components: Palypropylene rod, 4 5" 0D
#| Machine or Device | Activity or Tool | Fixdture Parameters Feed/Speed Rate | Time (hr}
1|[Horinzontal band saw YWice Cut tube to 3.625" length 400 f's 025
2|Horinzontal band saw Wice Cutrod to 0.125" length 400 f's 025
Part: Main Cap
G L Palycarbonate tube 5" OD
Components:

#| Machine or Device | Activity or Tool Fixture Parameters Feeg.-'ftzeed Time {hr)
1 E;:”mta' band vice  |Cutrod to 3" length 400 fifs 025
2|Lathe Cutting tool Crosgs slide [Face end of rod GO0 RPM 025
3|Lathe Orill bit Tailstock |Drill 1" center hole, 2" deep G500 RPM 025

. . . " 600 RPM
4 |Lathe Baring tool Cross slide [Bore to 5.5" diameter, 1.125" deep 0.05" depthicut 1
Gllathe FParting tool Cross slide [Cut rod to 15" length GO0 RFPM 0.5
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Appendix M — Assembly Plan Sheets

Part: Main Housing
Additional Parts: Calrod Housing, Main Housing door, tubing

89

# Process Tooks Hardware Time {hr}
1| Attach heating element tubing to Main housing Adehisive 05
2| Attach Calrod Housing to Main Housing Screwdriver Machine screws 025
3| Attach Main Housing door to Main Housing Screwdriver Hinge, hinge hardware 1
4| Attach latch to Main Housing & door Screwdriver, hammer Latch, latch hardware 0&
Part: Water Tank
Additional Parts: Guide rods, guide rod suppont, filter comparment, tubing
# Process Tools Hardware Time {hr)
1| Attach tubing to hot water return hole Adhesive Flastic fitting 1
2| Attach filter compartment to water tank Adhesive 1
3| Attach guide rod support to water tank Adhesive 1
4| Attach guide rods to guide rod supports Adhesive 1
5| Attach hotwatrer tubing to filter compartment Adhesive 1
Part: Filter compartment
Additional Parts: Tubing

# Process Tools Hardware Time {hr}

1| Attach tubing to fiker compartment drain Adhesive Plastic fitting 1

Part: Calrod housing
Additional Parts: Heating elernent shields, on/off switch, heating elerment

# Process Tools Hardware Time (hr)

1] Attach onfoff gwitch to Calrod housing Switch hardware 05

2| Wire ondswitch and power to heating element Soldering iron, wire crimps Solder 1

3| Attach heating element heat shields to heating element Adhesive Clamp 1

4| Attach tubing from Main housing to heating element 0.s

5| Attach hotplate to Calrod housing Adhesive 0.25

Part: Cup
Additional Parts: Cup handle
# Process Tools Hardware Time {(hr}
1] Attach cup handle to cup Adhesive Clamp 0.5




